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I.  INTRODUCTION 


There  is  an  acknowledged  need  for  the  development  of  fuels  which  will  burn  satisfactorily  in 
engines  but  wifi  not  bum  as  a result  of  enemy  attack  on  combat  vehicles.  The  availability  of  such  a 
fuel  would  not  only  reduce  vehicle  vulnerability  resulting  in  a saving  of  lives,  but  would  also  nrovide 
for  significant  weight  savings  due  to  reduction  in  armor  surrounding  the  vehicle  fuel  tank  system. 
One  approach  currently  being  investigated  involves  using  halogenated  hydrocargocs  and  is 
principally  a result  of  research  done  by  the  Terminal  Ballistics  Laboratory  at  the  Ballistics  Research 
Labs.  Initial  research  was  conducted  on  diesel  fuel  containing  dibromomethane  and  vulnerability 
results  indicated  significant  reductions  in  fires  when  dibromomethane  up  to  lOprcent  vol  was 
added  to  the  fuel.  Following  the  initial  vulnerability  experiments,  the  treated  fuel  was  evaluated  in  a 
single  cylinder  research  engine  (CFR)  and  a six  cylinder  production  engine  (Cummins)  for  per- 
formance and  possible  materials  degradation.  CFR  engine  results  showed  there  to  be  no  significant 
effects  c-n  fuel  ignition  quality.  Work  with  the  Cummins  engine  showed  there  to  be  a significant 
decrease  in  power  output  (predicted  by  the  decrease  in  Btu)  although  the  engine  was  responsive 
throughout  the  speed  and  load  range.  Additionally,  some  attack  of  combustion  products  on  engine 
materials  was  noted.* 

Continued  research  for  the  best  type  materia)  to  achieve  maximum  vulnerability  reduction 
resulted  in  a change  from  dibromomethane  to  a mixture  of  materials  containing  approximately  85 
wt  percent  bromochloromethane,  10  wt  percent  methylene  chloride,  and  5 wt  percent  methylene 
bromide  (referred  to  as  BCM).  Gunfire  tests  indicated  a good  measure  of  fire  safety  when  5 percent 
of  this  mixture  was  added  to  diesel  fuel.  However,  the  following  questions  remained  to  be 
answered: 

• How  would  diesel  fuel  + 5 percent  bromochloromethane  respond  in  diesel  engines? 

• What  is  the  composition  of  the  exhaust  and  what  affect  might  this  have  on  human, 
animal,  and  plant  life? 

• What  are  the  flammability  limits  of  bromochloromethane  when  blended  into  diesel  fuel? 

Since  answers  were  not  readily  available  from  prior  research  or  previously  compiled  data,  these 
questions  formed  the  basis  for  the  research  work  described  in  this  and  companion  reports. 
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MJSAFLRL  teller  Report  to  TBL,  6 November  1972,  Subj:  Evaluation  of  Dtewt  Fuel  Containing  Dibromomethane  (Con- 
tract DAAD05-72-0-0410). 


II.  SUMMARY  AND  CONCLUSIONS 


A series  of  experiments  were  performed  in  a single  cylinder  research  engine  using  diesel  fuel 
and  diesel  fuel  plus  5 vol  percent  bromochloromethane  in  order  to  determine  the  response  of  the 
fuel  blend  to  changes  in  injection  system  parameters.  Initial  baseline  data  showed  a decrease  in 
power  for  BCM-containing  fuel  run  under  the  same  conditions  as  diesel  fuel.  When  run  at  diesel 
power,  there  was  a significant  decrease  in  efficiency.  A series  of  experiments  was  then  conducted  to 
investigate  injection  system  variables  including  camshaft  profile,  barrel  and  plunger  diameter,  injec- 
tion nozzle  configuration,  and  nozzle  hole  size.  Part  load  performance  was  also  evaluated.  From 
these  experiments,  the  following  V'as  concluded: 

• Open  chamber  diesel  engines  can  be  modified  to  perform  satisfactorily  on  diesel  fuel  plus 
5 percent  BCM  (satisfactorily  defined  as  diesel  power)  and  no  greater  than  9.4  percent 
increase  in  fuel  consumption  on  a mass  basis. 

• Diesel  fuel  plus  5 percent  BCM  responds  basically  the  same  as  neat  diesel  fuel  to  changes 
in  the  fuel-air  mixing  parameters.  However,  diesel  fuel  plus  5 percent  BCM  is  more  sensi- 
tive to  changes  than  neat  diesel  fuel. 

• Presence  of  5 percent  BCM  has  no  deleterious  effect  on  the  ignition  delay  period. 

• The  data  indicate  there  to  be  no  chemical  inhibition  of  the  combustion  process  due  to  the 
presence  of  5 percent  BCM.  The  treated  fuel  bums  like  a diesel  fuel,  although  more  Btu 
input  is  required  to  overcome  the  heat  capacity  of  the  BCM. 


Differences  in  the  combustion  events  between  diesel  fuel  and  the  treated  fuel  can  be 
explained  by  the  differences  in  viscosity,  density,  and  volatility  which  affect  the  injected 
spray  pattern. 


III.  PROGRAM  PLAN  AND  OBJECTIVES 


Following  the  engine  runs  with  dibromomethane,  questions  arose  concerning  the  type  of 
changes  which  would  have  to  be  made  to  an  engine  in  order  to  achieve  diesel  fuel  power  levels  and 
still  maintain  reasonable  fuel  economy.  As  a result,  the  decision  was  made  to  conduct  a combustion 
study  of  diesel  fuel  treated  with  5 percent  BCM  in  a single  cylinder  research  engine.  The  principle 
objective  would  be  to  determine  the  response  of  the  fuel  blend  to  changes  in  injection  system 
parameters  in  order  to  establish  guidelines  under  which  full  scale  engines  could  be  modified  to 
achieve  satisfactory  performance  on  diesel  fuel  + BCM.  A secondary  objective  was  to  dele-mine  the 
mechanism  of  combustion  inhibition  of  bromochloromothane  in  diesel  fuel. 


IV.  PROGRAM  DETAILS 


A.  Fuel  Properties 


The  physical  and  chemical  properties  of  the  base  diesel  fuel  and  treated  fuel  are  compared  in 
Table  1.  The  base  fuel  was  a reference  diesel  fuel  (Cat  1-H)  used  for  oil  testing  with  properties 
typical  of  No.  2 diesel  fuels.  The  specification  under  which  the  fuel  is  procured  is  quite  narrow  and 
closely  controlled,  and  significantly  reduces  the  batch  to  batch  variations.  Therefore,  the  property 
control  of  the  test  fuel  was  insured  throughout  the  duration  of  the  program.  The  bromochloro- 
methane  was  added  at  5 percent  by  volume  to  the  base  fuel.  The  particular  properties  whose 

differences  may  affect  the  spray  and 
table  l.  neat  and  treated  fuel  properties  combustion  process  are  compared  in 
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Property 

Neat  Diesel 
FueKCat  1-H) 

Diesel  Fuel 
+5%  BCM 

Density 

0.86 

0.90 

Viscosity  ut  100°)'' 

3.40 

2.56 

Flash  Point,  ° F 

185 

+230 

Cloud  Point,  ”F 

+ 23 

Pout  Point,  *F 

+18 

Water  A Sediment 

0 

Carbon  Residue,  % 

0.10 

- 

Lamp  Sulfur,  % 

0.415 

- 

Acid  No. 

1.08 

Aniline  No.,°F 

145 

Copper  Corrosion 

1A 

Distillation,  *F 

- 

IBP 

410 

140 

10% 

468 

445 

50% 

519 

520 

90% 

603 

601 

EP 

689 

675 

Cetane  No. 

47 

Heat  of  Combustion, 
BTU/lb 

19,550 

17,673 

Table  2.  Addition  of  bromochloro- 
methane  increased  the  density  while 
significantly  decreasing  the  viscosity. 
The  heat  content  was  decreased  on  a 
mass  basis  that  is  a total  of  9.4  per- 
cent for  the  test  fuel  with  5 percent 
bromochloromethane  and  4.5  percent 
on  a volume  basis.  Additionally,  the 
boiling  range  of  bromochloromethane 
is  approximately  105°  to  2Q0°F. 
whereas,  the  initial  boiling  point  of 
the  base  diesel  fuel  is  approximately 
410°F.  Therefore,  there  are  significant 
heat  content  and  physical  property 
differences  between  the  two  fuels 
which  would  not  only  account  for  a 
difference  in  power  output,  but  could 
also  result  in  a significant  spread  in 
injection  system  and  spray  per- 


formance. 


TABLE  2.  FUElA'ARIABLES  MOST  SIGNIFICANT  TO 
SPRAY  AND  COMBUSTION 


Density 

BTU/Lb 

BTU/G*I 

Vis,c* 

Boling 
Range,*  F 

Diesel  Fuel 
(Cat  1-H) 
W/5%  BCM 

0.86 

0.90 

19,500 

17,672 

139,483 

133,145 

3,40 

7.36 

410  -689 
140-675 

TABLE  3.  CLR  OPEN  CHAMBER  ENGINE 


Bor*  3.80  In. 

Stroke  3.73  in. 

DiipUcem«nt  42.3  In' 

Competition  Ratio  16.3:1 


Valve  Timing  (In)  18*  BTDC-58*  ABDC 
(Ex)  124”  ATDC-20”  ATDC 

38*  Overlap 


B.  Engine  Parameter  Investigation 
1.  Description  of  Engine 

The  engine  chosen  for  this 
phase  of  research  was  the  cooperative 
lubricants  research  (CLR)  open- 
chamber  diesel  engine  manufactured 
by  the  Laboratory  Equipment  Corpo- 
ration (LABECO).  Engine  characteris- 
tics are  shown  in  Table  3.  Of  particu- 
lar interest  is  the  relatively  non-typical 
valve  overlap  of  38°  as  compared  to  a 
more  normal  4 or  5°.  By  way  of 
explanation,  LABECO  has  developed 
a widely  used  spark-ignition  CLR 
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njector 


Pltton 


engine  and  has  done  very  little  development  on  the  diesel  version.  Many  parts  of  the  two  engines, 
including  the  camshaft,  are  interchangeable.  Therefore,  the  overlap  normally  associated  with  spark 
ignition  engines  was  also 
found  on  the  diesel  version. 

The  overlap,  combined  with 
the  relatively  low  (for  an 
engine  of  this  displacement) 

1 6Vi  to  1 compression  ratio, 
results  in  relatively  anemic 
performance  under  best 
diesel  conditions,  but  still 
provides  an  adequate  re- 
search tool  for  comparing 
the  relative  combustion  per- 
formance of  fuels.  The  com- 
bustion chamber  utilizes  a 
deep,  small  diameter  cup  in 
the  piston  into  which  the 
fuel  spray  is  directed  (Fig- 
ure 1 ).  Additionally,  a 
shrouded  intake  valve  is 
used  to  control  air  swirl  in 
the  chamber. 


2.  Baseline  Data 


FIGURE  I.  CLR  OPEN  CHAMBER  ENGINE  (HALF  SIZE) 


Initial  runs  were 
conducted  to  obtain  base- 
line data  on  the  reference 
diesel  fuel  as  well  as  prelimi- 
nary data  on  diesel  fuel  cen- 
taining  5 percent  BCM. 
These  results  are  shown  in 
Figure  2 along  with  the  en- 
gine conditions  (Table  4)  in 
which  indicated  horsepower 
and  indicated  specific  fuel 
consumption  are  plotted 
versus  engine  speed.  These 
data  represent  best  power 
timing  for  diesel  fuel  at 
No,  5 to  No.  7 smoke  level 
(Robert  Bosch).  Then  the 
treated  fuel  (diesel  + 5 per- 
cent BCM)  was  run  under 
conditions  identical  to  the 
diesel  fuel.  A lower  horse- 
power curve  was  the  result. 
Additionally,  there  was  a 
decrease  in  efficiency  as 


Spptd.  RPM 

FIGURE  2.  BASELINE  RESULTS 


Nozzle:  NL-141 
4 Hole 

0. 0()98  in  Dia. 
3,02  k I0-*  in’ 


TABLE  4.  BASELINE  COMPARISON 

141  Cunihaft:  Bade  Metric 


Plunger  Dia:  10  mm 


Enjfin?  Speed,  RPM 


J Indicated  Horae  power 
I ISFC,  lo/IHp-hi 


Dieael  Fuel 
+ 5%  BCM, 
Diesel 
Conditions 


\ Indicated  Horsepower 
' ISFC,  lb/lHp-hr 


Diesel  Fuel 
+ 5%  BCM. 
Diesel  Power 


J Indicated  Horsepower 
__  j ISFC,  Ib/IHp-hr 


Nozzle  Opening: 
2500  pal 

14C0 

1800 

2200 

7.0 

0.419 

9.0 

0.389 

11  0 
0.377 

6.8 

0.464 

8.6 

0.394 

10.6 

0.447 

7.0 

0506 

9.0 

0.427 

11.0 

0.541 

indicated  by  the  higher  ISFC  for  the  treated 
fuel.  Therefore,  under  identical  engine  condi- 
tions, both  a decrease  in  power  and  efficiency 
were  noted  with  the  bromochlorcmethane  con- 
taining fuel.  The  final  set  of  baseline  data  was 
obtained  by  increasing  the  flow  rate  of  fuel 
with  BCM  so  that  the  same  power,  as  indi- 
cated with  diesel  fuel,  was  obtained.  Under 
these  conditions,  the  indicated  specific  fuel 
consumption  was  the  primary  comparative 
criteria,  and  as  illustrated  in  Figure  2,  there 
was  a decrease  in  efficiency  ranging  from  10 
to  40  percent  with  the  greatest  difference 
shown  at  higher  speeds. 


Criteria  and  Tost  Procedures 


As  a result  of  the  data  obtained 

during  the  baseline  evaluations,  a procedure 
was  established  in  which  the  primary  criteria  for  comparing  performance  of  fuels  (with  and  without 
BCM)  would  be  engine  efficiency  in  terms  of  ISFC.  This  procedure  involved  operating  at  1400, 
1 800,  and  2600  rpm  (the  indicated  horsepower  level  obtained  during  the  baseline  runs)  Best  power 
timing  would  be  established  for  each  fuel  and  each  set  of  injection  system  variables  and  fuel  rate 
determined.  Therefore,  power  would  be  the  independent  variable  and  fuel  rate  or  efficiency  would  be 
the  dependent  variable.  Satisfactory  performance  for  this  series  of  experiments  was  defined  as 
horsepower  equal  to  diesel  performance  with  the  best  specific  fuel  consumption  possible  over  the  range 
of  variables  investigated.  Based  cn  the  difference  in  heat  content  between  diesel  fuel  and  diesel  fuel + 
5 percent  BCM,  a decrease  in  ISFC  of  9.4  percent  would  represent  equal  Btu  utilization. 


4,  Experimental  Results 


The  experimental  program  involved  an  investigation  of  the  injection  system  variables 
shown  in  Table  5.  Time  did  not  permit  a full  factorial  matrix  of  experiments,  therefore,  runs  were 
selected  to  provide  the  following  comparisons: 


CmK*ia*t  Profile  Effect 


4 Hole  Nozzle  (3.02  X 10  4 in*)  Area;  10  mm  barrel  and  plunger 
Slow  Rate  vs  Fast  Rate 


b.  Barrel  L Hunger 


4 Hole  Nozzle  - 10  mm  vs  7 mm 

5 Hole  Nozzle  - 10  mm  vs  7 mm 


Nozzle* 


( 1 ) Effect  of  Number  of  Holes  (Total  Area  Equal) 
10  mm  BAP  - 4 Hole  (3.02  X 10  4 in*)  vs 
6 Hole  (2.94  X 10' 4 mJ) 


fc,.. ; 


»_«•> jiJs. . ... , 


6 


j 

i 


i 
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7 ir.ir,  BAP  - 5 Hole  (2.45  X lO^in1)  vs 
3 Hole  (2.26  X 10" 4 in1) 

(2)  Effect  of  Total  Area  (Number  of  Hole*  Equal) 

1 0 nun  BAP  -4  Hole  3.02  X I0~4inj  vs  5.23  X 10" 4 in1) 

In  all  cases,  tuns  with  diesel 
fuel  and  diesel  fuel  with  bromochloro- 
methane  were  made  back  to  back.  Dupli- 
cate runs  were  made  with  several  of  the 
variables  when  data  appeared  question- 
able and  a part  load  analysis  was  con- 
ducted to  verify  full  load  results.  Addi- 
tionally, combustion  data  were  obtained 
on  most  of  the  runs.  Heat  release  data 
were  calculated  from  the  pressure  time 
diagrams  for  analysis  of  events  during 
the  combustion  expansion  parts  of  the 
cycle.  The  engine  performance  and  com- 
bustion data  are  contained  in  Appendix  I 
and  heat  release  data  in  Appendix  II. 

The  results  of  each  of  the  performance 
comparisons  were  as  follows: 

( 3 ) Effect  of  Injection  Pump  Camshaft  Profile 

The  two  profiles  investigated  are  characterized  by  the  curves  and  data  supplied 
by  American  Bosch  in  Figures  3 and  4. 

The  basic  metric  camshaft,  which  is  standard  with  the  CLR  diesel  engine,  provides 
a relatively  low  acceleration  rate,  whereas  the  tangential  cam  is  a fast  acceleration  cam  resulting  in 
higher  instantaneous  plunger  velocity  during  the  initial  part  of  the  delivery  stroke.  The  relative 
effect  of  camshaft  acceleration  rate  is  illustrated  by  the  comparisons  with  diesel  fuel  and  diesel  fuel 
+ 5 percent  BCM  in  Figure  5.  As  previously  stated,  all  data  were  obtained  at  the  same  power  setting, 
therefore,  efficiency,  in  terms  of  indicated  specific  fuel  consumption,  is  the  primary  comparative 
criterion.  The  effect  of  the  injection  system  variable  on  diesel  fuel  performance  is  shown  at  the  top 
of  the  figure  and  on  diesel  fuel  + 5 percent  BCM  at  the  bottom  of  the  figure.  Therefore  diesel  fuel 
performance  can  be  compared  as  a function  of  the  injection  system  variable  as  well  as  compared  to 
the  performance  of  diesel  fuel  + bromochloiome thane.  For  this  companion,  the  !0  mm  barrel  and 
plunger  and  4 hole  nozzle  were  utilized.  The  basic  metric  cam  data  was  obtained  during  the  baseline 
part  of  the  evaluation  so  that  data  were  obtained  at  only  3 speeds.  The  tangential  camshaft  data 
were  obtained  at  the  4 speeds  which  will  be  carried  through  for  the  remainder  of  the  comparisions. 

Data  compiled  in  Figure  5 indicate  that  dieael  fuel  performance,  especially 
through  the  low  and  mid-range,  was  significantly  improved  with  the  higher  acceleration  profile 
although  the  difference  in  efficiency  decreased  at  the  higher  speed.  The  treated  fuel,  on  the  other  hand, 
performed  significantly  better  with  the  higher  injection  rate  throughout  the  speed  range.  The  dif- 


TABLE5.  DESCRIPTION  OF  INJECTION 
SYSTEM  VARIABLES 


Cam  draft 

Slow  Acceleration  Rate 
Fait  Acceleration  Rate 

Noazlet 

3 Hole 

0.0098  In.  Diameter 

2.26  X 10~4  in1 

Total  Area 

(123) 

4 Hole 

0.0098  In.  Diameter 

3.02  X 10~4  in’ 

Tota'  Area 

(141) 

4 Hole 

0.0129  In.  Diameter 

5.23  X 10~4  in* 

Total  Area 

(537) 

S Hole 

0.0079  In  Diameter 

2.45  X 10~4  in* 

Total  Area 

(6961) 

6 Hole 

0.0079  In.  Diameter 

2.94  X 10~4  in* 

Total  Area 

(6969) 

Barrel  and  Plunger 

7 mm 
10  mm 
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FIGURE  1.  PLUNGER  LIFT  AND  VELOCITY  CHART  FIGURE  4.  PLUNGER  LIFT 


that  the  rate  of  injection,  which  controls  rate 
of  burning,  is  of  greater  significance  with  the 
BCM  inhibitor  in  the  fuel  than  for  the  refer- 
ence diesel  fuel  itself.  While  this  could  be  ex* 
plained  in  terms  of  a chemical  inhib’tion  on 
rate  of  combustion,  it  could  also  be  due  to 
the  effect  on  injected  spray  pattern  and  the 
need  for  injecting  a greater  quantity  of  fuel  in 
order  to  achieve  equal  horsepower  output. 
The  analysis  of  the  combustion  event  is  dis- 
cussed in  more  detail  on  page  1 5 of  this  report. 
As  a result  of  these  experiments,  it  was 
decided  to  conduct  die  remainder  of  the 
experimental  program  using  the  tangential 
camshaft. 

(4)  Effect  of  Plunger  and  Bar- 
rel Size 


o Stow  Acceleration  Cam 
A Fut  Acceleration  Cam 
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To  0.541 


Distal  Fuel 
+5%  BCM 


Two  plunger  and  barrel  ~ 42  - \ 

diameters,  10  mm  and  7 mm,  were  utilized  to  ^ 
evaluate  the  effect  of  this  variable.  Data  were 

obtained  with  two  different  nozzles,  the  4 •aa  * ***" 

hole  (3.02  X 10'  4 sq  in.  total  area)  and  5 36  1 » . . . . 

hole  (2.45  X 10“ 4 sq  in.  total  area).  A com- 
parison with  the  4 hole  tip  is  shown  in  Fig-  1200  1600  2000  2400 

ure  6.  The  4 hole  tip  and  10  mm  barrel  and  RPM 

plunger  combination  provided  the  best  oper-  figures,  effect  of  camshaft 

ating  performance  throughout  all  experiments  (io«tm  BAP4-Hoi«  Nozzle) 

for  the  diesel  fuel  + BCM.  Changing  to  the  7 mm  barrel  and  plunger,  which  would  have  the  effect 
of  decreasing  the  time  rate  of  injection,  resulted  in  a significant  decrease  in  efficiency.  A similar 
decrease  in  efficiency  was  noted  at  the  lower  speeds  with  diesel  fuel.  However,  at  the  2000  and 
2400  rpm  operating  points,  an  improvement  in  efficiency  with  the  7 mm  bairel  and  plunger  was 
observed.  This  is  believed  to  be  a tradeoff  between  fuel-air  mixing  and  rate  of  injection.  At  the 
lower  speeds,  the  higher  rate  of  diesel  fuel  injection  with  the  10  mm  barrel  and  plunger  provides 
better  atomization  and  mixing,  *hus  resulting  in  improved  combustion.  However,  at  the  higher 
speeds,  the  injection  rate  with  the  7 mm  barrel  and  plunger  is  sufficient  for  adequate  atomiza- 
tion and  the  slower  rate  of  injection  results  in  improved  combustion  control,  therefore  providing 
an  improvement  in  efficiency.  Analysis  of  the  combustion  data  showed  slightly  advanced  timing  for 
the  fuel  with  BCM  compared  with  neat  diesel,  but  approximately  the  same  injection  duration.  There 
was  no  significant  affect  on  ignition  delay. 


The  performance  comparison  with  the  5 hole  tip  is  shown  in  Figure  7.  Perfor- 
mance with  the  5 hole  tip  for  both  diesel  and  BCM  was  poorer  than  with  the  4 hole  nozzle.  However, 
again  diesel  fuel  appeared  less  sensitive  to  injection  rate  than  did  diesel  fuel  + BCM.  While  there  was  a 
significant  difference  between  the  7 and  10  mm  performance  with  BCM,  the  difference  in  perfor- 
mance with  diesel  fuel  was  less  pronounced.  In  fact,  at  all  but  the  high  speeds,  the  7 mm  barrel  and 
plungei  performed  as  well,  if  not  better,  than  the  10  mm  barrel  and  plunger.  The  high  speed  data 
were  affected  by  the  occurrence  of  multiple  injections  which  wore  ultimately  brought  under  control 
by  increasing  rhe  nozzle  opening  pressure. 
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(5)  Effects  of  Nozzle  Configuration 

Three  types  of  comparisons  were  made  to  observe  the  effect  of  nozzle  config- 
uration. Two  sets  cf  experiments  were  conducted  with  nozzles  having  approximately  equal  areas, 
but  different  number  of  holes.  Then,  a comparison  was  made  with  equal  number  of  holes  to 
determine  the  effect  of  total  area.  The  results  of  these  comparisons  are  as  follows: 

• Effect  of  Number  of  Holes  ( Areas  Equal ) 


The  First  set  of  experiments  was  conducted  with  a S hole  nozzle  of  2.4S  X 
10  4 cq  in.  total  area,  and  a 3 hole  of  2.26  X 10'  4 sq  in.  total  area.  The  7 mm  barrel  and  plunger 
was  used  for  these  experiments  and  the  results  are  shown  in  Figure  8.  For  both  diesel  fuel  and  diesel 
with  BCM,  5 hole  nozzle  performance  was 
better  at  the  low  speeds,  whereas,  3 hole 

nozzle  performance  significantly  improved  m 9 3Ho<*(2.mx  io'4in2» 

ai  the  higher  speeds.  In  both  cases,  this  can  ’as  hm  (2.46  x io'4  m2> 

be  explained  by  an  improvement  in  spray  48  * A 

distribution  for  the  3 hole  nozzle  as  engine  44  . \ 

speed  and  air  movement  in  the  cylinder  y A 

increased.  The  5 hole  nozzle  performance  o 44  ' \ / 

was  probably  poorer  as  a result  of  unden  $ .42  . 'V  O'**' 

penetration  and  failure  to  mix  well  with  Fu*‘ 

the  air  in  the  outer  perimeter  of  the  Cham-  40  * ^ 

ber.  The  difference  at  the  2400  rpm  speed  .38  . * 

with  BCM  emphasizes  again  the  importance 

of  good  atomization  and  mixing  with  air  a 

regardless  of  the  presence  of  inhibitor.  s \ / 
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The  second  ex- 
periment in  this  series  compares  the  4 hole 
nozzle  performance  (3.02  X 10“ 4 sq  in.) 
to  6 hole  nozzle  (2.94  X 10“  4 sq  in.). 


Diotsl  Fual 
♦5%  BCM 


These  data  were  “ 42  ■ 

obtained  using  the  <0  mm  barrel  and  40 

plunger  and  are  illustrated  in  Figure  9.  As 
with  the  3 and  5 hole  nozzles,  the  direc-  38  * 

tional  effects  of  the  4 and  6 hole  are  the  .38  It  t 1 1 . 

same  with  diesel  fuel  and  the  BCM-con- 

taining  fUel.  However,  the  relative  dif-  1300  1W0  3000  2400 

ferences  are  much  greater  with  the  BCM.  upm 

The  difference  in  number  of  hole*  with  figure  a.  effrct  of  number  of  holes 

the  diesel  fuel  would  have  the  effect  of  (7am  R&r) 

under-penetration  with  the  6 hole  nozzle 

as  the  speed  increases,  resulting  in  • relatively  rich  zone  toward  the  center  of  the  chamber 
and  a lean  zone  toward  the  walls.  As  a recult,  combustion  efficiency  suffers.  It  was  interesting 
to  note  the  acme  general  response  of  diesel  + BCM  to  the  change  in  injection  system  as  ob- 
served with  diesel  fuel. 
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• Effect  of  Nozzle  Areaf  Number  of  Holes  Equal) 

The  final  comparison  of  the  effect  of  nozzle  configuration  was  made  with 
two  nozzles  having  4 holes,  one  with  3.02  X 10~4  sq  in.  total  area  and  the  other  5.23  X 10'  4 sq  in. 
total  area.  The  10  mm  barrel  and  plunger  were  utilized  for  these  comparisons  as  shown  in  Figure  10. 
Since  the  small  4 hole  nozzle  had  the  best  performance  for  BCM  and  diesel  fuel,  the  increase  in  total 
area  resulted  in  the  degradation  of  performance  for  both  fuels.  However,  again  the  degradation  was 
more  marked  for  BCM  than  diesel  fuel.  In  this  case,  the  difference  was  expected  since  the  poor 
performance  was  probably  due  to  over-penetration  and  poor  atomization. 


(6)  Part  Load  Analysis 

To  verify  that  the  relative 
performance  of  diesel  fuel  containing  bromo- 
chloromethane  was  basically  the  same 
throughout  the  engine  load  range,  a series  of 
experiments  was  run  at  2000  rpm  (best  power 
timing)  utilizing  the  10  mm  barrel  and 
plunger  and  4 hole  nozzle.  These  data,  illus- 
trated in  Figure  ! 1 , were  obtained  with  diesel 
fuel,  diesel  fuel  plus  5 percent  BCM  and  diesel 
fuel  plus  1 0 percent  BCM.  With  each  fuel,  the 
engine  was  set  up  at  the  indicated  horsepower 
level  established  during  the  baseline  runs,  then 
the  fuel  flow  rate  systematically  decreased 
until  the  misfire  limit  was  reached.  Since  the 
engine  was  run  at  constant  speed,  the  airflow 
rate  was  essentially  constant,  thus  resulting  in 
a decreasing  fuel-air  ratio  as  the  fuel  flow  rate 
dropped.  However,  as  may  be  observed  by  the 
three  curves,  the  relative  effect  of  the  BCM  in 
the  fuels  remained  essentially  unchanged 
throughout  the  load  range.  Therefore,  it  was 
concluded  that  diesel  fuel  with  BCM  re- 
sponds basically  the  same  regardless  of  en- 
gine load. 
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FIGURE  11.  EFFECT  OF  FUEL  FLOW  RATE  (ENGINE 
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V.  DISCUSSION 


From  the  results  of  these  tests,  the  following  observations  are  apparent: 

• The  response  of  diesel  fuel  with  5 percent  BCM  is  in  almost  ail  cares  directionally  the 
same  as  diese!  fuel  with  regard  to  injection  system  parameters.  The  treated  fuel  very  often  showed  a 
greater  sensitivity  as  far  as  response  was  concerned,  however,  it  was  demonstrated  that  satisfactory 
performance  (1SFC  within  9.5  percent  of  diesel  fdcl  performance)  could  be  obtained  with  the  BCM 
containing  fuel.  Therefore,  the  primary  objective  of  die  project  was  met. 

• The  data  obtained  provide  no  clear-cut  evidence  of  the  mechanism  of  BCM  flame 
inhibition  in  diesel  engine  operation.  If  the  inhibiting  mechanism  could  have  been  described,  greater 
flexibility  would  be  provided  to  the  person  ultimately  responsible  for  achieving  satisfactory  perfor- 
mance in  real  engines  in  the  field.  Additionally,  some  insight  could  also  be  provided  in  describing 
the  manner  in  which  BCM  inhibits  combustion  under  ambient  pressure  and  temperature  conditions 
and  provide  improved  vulnerability.  There  are  two  mechanisms  generally  proposed  for  flame  inhibi- 
tion. The  first  is  a chemical  inhibition  in  which  the  added  material,  or  some  of  its  reacted  species, 
interferes  with  the  free  radical  formation  process  necessary  for  hydrocarbon  fuel  ignition  and 
combustion.  The  second  mechanism  suggested  is  a function  of  the  physical  properties  of  the  fuel 
additive.  Those  additives  having  a high  specific  heat  produce  a heat  sink  effect  precluding  the 
attainment  of  stable  flame  temperatures.  A possible  contributor  to  both  mechanisms  is  the  high 
volatility  of  the  bromochloromcthane  relative  to  diesel  fuel  in  a low  temperature  environment 
(under  400° F).  The  quantity  of  BCM  in  the  vapor  state  over  the  liquid  will  be  significantly  greater 
(as  much  as  several  hundred  to  1 ratios)  than  the  5 vol  percent  added  into  the  base  fuel.  Therefore, 
under  some  conditions,  an  additional  contributing  mechanism  would  be  the  overpowering  presence 
of  an  inert  material  resulting  in  air-fuel  ratios  too  lean  for  combustion.  This  factor  is  probably  not 
too  important  in  open  chamber  diesel  engine  combustion,  but  could  be  of  significant  importance  in 
pre-chamber  and  MAN  systems. 

Until  recently,  it  was  generally  considered  that  the  halogenated  materials  functioned  by  a 
chemical  inhibiting  process.  However,  a presentation41  was  made  by  Eric  R.  Larsen  (at  an  ACS 
meeting)  which  very  strongly  supports  the  heat  sink  mechanism  Iheory.  Unfortunately,  the  conclu- 
sions related  in  this  presentation  were  based  on  the  results  presented  in  other  publications  (they 
conducted  no  experiments  themselves),  so  there  is  reason  to  question  the  validity  of  their  conclu- 
sions. Also,  most  prior  publications  and  many  workers  in  the  field  generally  subscribe  to  the 
chemical  inhibition  mechanism  even  though  there  is  no  supporting  data. 

This  comparison  is  illustrated  in  Figure  12  with  diesel  fuel  results  shown  at  the  top  and 
BCM  at  the  bottom.  The  injection  system  configuration  for  each  data  point  is  indentified  on  the 
curve.  As  previously  noted,  the  best  performance  for  both  BCM  and  diesel  fuel  was  obtained  with 
the  4 hole  nozzle,  although  BCM  performance  was  best  across  the  board  with  the  10  mm  barrel  and 
plunger,  whereas  the  diesel  fuel  responded  best  with  the  10  mmm  system  at  low  speeds  and  the  7 
mm  barrel  and  plunger  at  the  higher  speeds.  The  worst  performance  comparison  is  not  so  direct. 
First,  it  is  interesting  to  note  that  the  degradation  of  performance  with  the  BCM  was  signifk  antly 
greater  than  the  worst  cases  for  diesel  ftiel.  Secondly,  the  low-speed  results  were  approximately  the 
same  That  is,  the  performance  with  the  3 hole  nozzle  and  7 mm  barrel  and  plunger  was  worse  in 

*IWo9*fMt*d  Fin  Bxtimairiwitt:  A fhytiral  Marti  w tom  at  FMaw  Suppramion,  Eric  R.  Unan,  Dow  Chemical  Co.  Pnamtatf  at  the 
166th  National  ACS  MaWing,  Am,  *-31, 1*73.  Nan  No.  INOBOS4. 
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both  cases.  Although  at  1600  rpm,  the  6 
hole  and  5 hole  nozzle  performance  was 
almost  as  bad  with  BCM.  The  degradation 
of  performance  at  high  speed,  however, 
shows  a different  effect.  With  diesel  fuel, 
worst  performance  was  obtained  with  the 
large  area  4 hole  nozzle  and  10  mm  barrel 
and  plunger  which  resulted  in  very  poor 
mixing  and  over-penetration.  However,  the 
worst  performance  with  the  BCM  was  with 
the  5 and  6 hole  nozzle  which  would  tend 
to  result  in  under-penetration  of  the  spray, 
thus  concentrating  the  fuel  in  the  mid-part 
of  the  chamber. 

Injection  and  combustion  data 
for  the  conditions  in  Figure  1 2 were  com- 
pared to  investigate  the  combustion  event 
during  the  first  part  of  the  burning  cycle. 
Diesel  fuel  performance  is  illustrated  in 
Figures  13  and  14,  and  diesel  fuel  plus 
BCM  in  Figures  1 5 and  1 6.  Injection  per- 
formance is  described  in  terms  of  start  of 
injection  and  injection  duration,  and  the 
combustion  parameters  are  ignition  delay, 
maximum  rate  of  pressure  rise  and  the 
occurrence  of  max  pressure.  Combustion 
data  with  the  6 and  4 hole  nozzles  and 
photographs  were  not  obtained;  therefore, 
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the  comparison  at  2400  is  with  the  5 hole  7 mm  system  which  resulted  in  almost  as  poor  a 
performance  as  the  4 and  6 hole  nozzles  for  diesel  fuel  and  diesel  fuel  with  BCM,  respectively. 

When  comparing  the  best  and  worst  performances  with  BCM  in  terms  of  injection  charac- 
teristics. results  principally  showed  that  at  the  higher  speed,  poorer  performance  was  accompanied 
by  longer  duration;  however,  this  was  also  the  case  with  diesel  fuel.  The  combustion  data  demon- 
strated no  significant  difference  in  ignition  delay  for  the  best  and  worst  conditions,  and  when 
compared  to  diesel  fuel,  showed  that  there  was  no  significant  effect  due  to  the  presence  of  BCM. 
The  best  performance  with  BCM  generally  had  a higher  rate  of  pressure  rise,  and  at  the  higher 
speeds,  the  occurrence  of  max  pressure  was  later  in  the  cycle.  Again,  these  two  trends  were 
generally  noted  to  be  the  same  with  diesel  fuel. 

The  comparison  of  the  injection  and  combustion  results  showed  that  the  neat  diesel  fuel 
and  diesel  fuel  plus  BCM  responded  basically  the  same  to  changes  in  injection  parameters.  The  part 
load  analysis  provided  the  same  results.  In  addition  to  the  same  relative  difference  in  ISFC  through- 
out the  load  range,  the  lean  flameout  limit  (the  point  where  misfire  occurred)  was  essentially  the 
same  in  terms  of  diesel  fuel  flow  rate,  thus  indicating  no  chemical  interference  in  the  lean  region. 
Since  the  response  was  basically  the  same  with  and  without  BCM  and  there  was  no  affect  on 
ignition  delay,  it  was  concluded  that  there  were  no  inhibiting  effects  during  the  combustion  event 
from  start  of  injection  to  occurrence  of  maximum  combustion  pressure.  The  absence  of  inhibition 
of  the  ignition  delay  process  strongly  suggested  there  was  no  chemical  inhibition  since  free  radical 
formation  is  essential  to  compression  ignition.  However,  there  remained  the  possibility  that 
chemical  inhibition  might  be  a function  of  the  presence  of  reacted  halogenated  species  requiring 
temperatures  above  that  found  during  the  pre-flame  period  leading  to  the  ignition  and  rapid 
combustion  of  die  initial  ciiaige  of  fuel.  Therefore,  in  order  to  evaluate  combustion  inhibition 
during  the  later  part  of  the  combustion  event,  a rate  of  heat  release  analysis  was  conducted.  This 
analysis  utilizes  a computer  program  which  calculates  the  heat  release  required  to  create  the  pressure 


difference  between  the  firing  and  motored  trace.  Input  data  for  the  analysis  is  derived  from 
pressures  and  crank  angles  read  from  the  pressure  time  diagrams.  Tabulated  data  for  the  analysis 
and  the  results  are  in  Appendix  II. 

For  the  purposes  of  the  analysis,  plots  were  made  of  several  of  the  comparisons  pre- 
viously discussed.  Figure  17  illustrates  the  rate  of  heat  release  for  diesel  fuel  and  treated  fuel 


1600  RPM 

Best  Power  Timing 

10  mm  B&P 

Tangential  Cam 

4-Hole  Nozzle  (141) 

2500  Psi  Opening  Press 

o Diesel  Fuel  (I5FC  - 0.382) 


when  run  under  the  best  conditions  and  are  compared  at  1600  rpm.  Absolute  numbers  of  dQ/d 6 
data  are  not  as  important  as  the  relative  occurence  of  heat  release  events.  Of  principal  interest  is 
the  shape  of  the  curves  which  illustrate  that  the  heat  release  period  is  essentially  the  same  for 
both  diesel  fuel  and  the  fuel  treated  with  BCM. 


Another  companion  between  diesel  fuel  and  the  treated  fuel  is  made  in  Figure  18.  in 
this  evaluation,  the  ISFC  of  diesel  fuel  was  substantially  better  than  that  with  BCM.  However, 
again  the  heat  release  rate  curves  essentially  follow  each  other  in  terms  of  the  time  in  the  cycle 
at  which  significant  heat  release  took  place.  Other  curves  demonstrated  the  same  type  of  perfor- 
mance thus  leading  to  the  conclusion  that  the  presence  of  BCM  does  not  inhibit  the  combustion 
process  during  the  pressure  build-up  and  expansion  event  as  might  have  beer,  anticipated  had 
there  been  a chemical  inhibiting  mechanism  involved.  Therefore,  as  a result  of  these  analyses,  the 
conclusions  of  Larsen  regarding  the  inhibiting  mechanism  of  the  halogen  materials  is  strongly 
supported  primarily  because  it  is  principally  a physical  effect  rather  than  chemical,  and  the 
effects  of  biending  BCM  into  diesel  fuel  causes  performance  variation  in  engines  as  a result  of 
significant  changes  in  heat  content,  density,  and  viscosity. 
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**J®*P/nl8  BP/DP 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel 

NOZZLE:  4 Hole 

Q.0098"  Die 

3.02  X 10“ 4 in2  Area 


CAMSHAFT:  Tangential 
PLUNGER  DIA:  10mm 


Nozy.lc 


Engine  Speed,  rpm 
indicated  Horsepower 
iSFC,  Ib/lhp-hr 
Start  of  injection,  °BTDC 
End  of  injection,  ‘BTDC 
Occur,  of  Rapid  Rise,  °8TDC 
Occur,  of  Mcx  Press., r ATDC 
Max  Comb.  Press.,  psig 
Ignition  Defay,  ° 

Avg  Rate,  psi/° 

Max  Rate,  psi/° 


Coniments: 


1S!00 

1600 

2000 

2400 

5.8 

8.0 

10.2 

12.5 

0.402 

0.381 

0.3133 

0.379 

20.0 

20.0 

22.5 

24.5 

3.0 

6.0 

6.0 

4.0 

8.5 

6.5 

7.0 

6.5 

7.0 

8.0 

8.0 

9.0 

800 

700 

640 

540 

11.6 

13.0 

15.5 

18.0 

30.0 

30.0 

25.0 

220 

120 

140 

1/3 

187 

ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  CAMSHAFT:  Tangential 

NOZZLE:  4 Hole  PLUNGER  DIA:  10mm 

0.0098”  Dia 
3.02  X 10”4  in2  Area 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/Ihp-hr 
Start  of  Injection,  °BTDC 
End  of  Injection,  °BTDC 
Occur,  of  Rapid  Rise,  °BTDC 
Occur,  of  Max  Press.,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  4 
Avg  Rate,  psi/° 

Max  Rate,  psi/° 


1600 

ESI 

2400 

8.0 

10.2 

12.5 

0.402 

0.386 

0.370 

0.384 

20 

20 

23 

25 

Comments:  Duplicate  Performance  Data 


22 


A 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 
FUEL:  Diesel  + 5%  BCM  CAMSHAFT:  Tangential 


NOZZLE:  4 Hole 

0,0008"  Die 

3.02  X 10" 4 in2  Area 


PLUNGER  DIA:  10mm 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-hr 
Start  of  Injection,  ®BTDC 
End  of  Injection,  ° BTDC 
Occur,  of  Rapid  Rise,  ° BTDC 
Occur,  of  Max  Frees.,  °ATDC 
Mux  Comb.  Press.,  psig 
Ignition  Delay,  * 

Avg  Rate,  pei/° 

Max  Rate,  pit/0 


Nozzle  Opening  Press:  2600  psi 


1200 

1600 

2000 

2400 

6.8 

8.1 

10.2 

12.5 

0.428 

0.388 

0.388 

0.407 

18.0 

20.0 

22.0 

23.6 

5.6 

5.5 

4.5 

2.5 

8.0 

8.0 

7.5 

7.5 

8.0 

7.5 

9.0 

11.5 

740 

700 

600 

520 

10.0 

TO.O 

. . . 

14.5 

16.0 

26 

26 

22 

17 

76 

124 

106 

115 

Comments: 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel*  6%  BCM  CAMSHAFT:  Tangential 

NOZZLE;  4 Hole  PLUNGER  DIA:  10mm 

0.0008  ' Dia 

3.02  X IQ”4  in2  Area 


Engine  Speed,  rpm 
Indicated  Horsepower 
iSFC,  Ib/lhp-hr 
Start  of  Injection,  *BTDC 
End  of  Injection, 0 
Occur,  of  Rapid  Rise,  °BTDC 
Occur,  of  Max  P'esa.,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay, 0 
Avg  Rate,  p*si/° 

Max  Rate,  pair 


Comments.  Duplicate  Performance  Data 


Nonna  Ooe 

fSOOM 

1200 

1600 

2000 

2400 

5.8 

8.1 

10.2 

12.5 

0.417 

0.396 

0.391 

0.406 

18 

20 

22 

24 



ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesei 

NOZZLE:  4 Hole 

0 0098”  Dia 

3.02  X 10-4  in2  Area 


CAMSHAFT:  Tangent  is! 
PLUNGER  DIA:  7mm 


Engine  Speed,  rpm 
indicated  Ho, se  power 
ISFC,  Ib/lhp-hr 
Start  of  Injection,  °BTOC 
End  of  Injection,  ° 

Occur,  of  Rapid  Pise,  °BTDC 
Occur,  of  Max  P^ess.,  UATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  ° 

Avg  Rate,  psi/° 

Max  Rato,  psi/" 


1200 

1600 

2000 

2400 

6.9 

8.2 

10.6 

12.6 

0.459 

0.418 

0.352 

0.358 

12.0 

‘i  6.0 

21.0 

24.0 

0.5°  ATC 

1.5’  BTC 

4.5°  BTC 

5.0°  BTC 

1.0 

t. 

4.5 

5.5 

5.5 

11.0 

8.0 

5.0 

6.0 

460 

400 

340 

320 

11.0 

11.5 

15.5 

18.5 

15 

14 

17 

14 

60 

43 

62 

62 

Comments: 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 

FUEL:  Dime!  + 5%  BOM  CAMSHAFT:  TenQential 

NOZZLE:  4 Hole  PLUNGER  DIA:  7mm 

0.0008"  Die 
3.02  X 10“4  in2  Arm 


Noarte  Opening  Pnwi:  2500  pel 


Engine  Speed,  rpm 

1200 

1600 

2000 

2400 

Indicated  Horsepower 

6.0 

8.2 

10.6 

12.6 

ISFC,  Ib/lhp-hr 

0.473 

0.450 

0.424 

0.444 

Start  of  Injection,  *BTDC 

14.0 

18.0 

22.0 

24.5 

End  of  Injection,  *BTDC 

3.5 

2.5 

4.5 

4.0 

Occur,  of  Rapid  Rite,  *BTDC 

5.5 

6.5 

7.5 

7.5 

Occur,  of  Max  Pram.,  #ATDC 

8.0 

7.5 

5.0 

5.0 

Max  Comb.  Press.,  psig 

480 

400 

380 

320 

Ignition  Delay,  0 

8.5 

11.5 

14.5 

17.0 

Avg  Rate,  psi/° 

16 

14 

16 

14 

Max  Rate,  psi T 

78 

51 

64 

54 

Comments: 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel 

NOZZLE:  3 Hole 

0.0098"  Die 

2.26  X tO"4  In2  Area 


CAMSHAFT:  Tangential 
PLUNGER  DIA:  7mm 


No»leOw 

mina  Press:  2500  osi 

Engine  Speed,  rpm 

1200 

1800 

2000 

2400 

Indicated  Horsepower 

5.8 

8.0 

10.6 

12.7 

ISFC,  Ib/lhp-hr 

0.483 

0.439 

0.410 

0.394 

Start  of  injection,  °BTDC 

12.0 

16.0 

21.0 

24.0 

End  of  Injection,  °BTDC 

1.5 

2.0 

4.0 

5.0 

Occur,  of  Rapid  Rise,  °BTDC 

2.0 

4.5 

5.6 

6.0 

Occur,  of  Max  Press.,  ®ATDC 

8.0 

7.5 

5.5 

5.6 

Max  Comb.  Press.,  psig 

480 

420 

410 

360 

ignition  Delay,  * 

10.0 

11.5 

16.5 

18.0 

Avg  Rate,  psi/° 

20 

17 

19 

19 

Max  Rate,  psi/° 

77 

45 

•! 

104 

I t 

\ { 

I Comments: 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  + 6%  BOM 


CAMSHAFT:  Tangential 


NOZZLE:  3 Hole 

0.0006"  Dia 

2.26  X 10“4  in2  Araa 


PLUNGER  DIA:  7mm 


Engine  Speed,  rpm 
Indicated  Horsepower 


nlng  Press:  ; 
1600 


ISFC,  Ib/ihp-hr 


0.628 


0.474 


0.146 


0.433 


Start  of  Injection,  *BTDC 
End  of  Injection,  °BTDC 
Occur,  of  Rapid  Rise,  °BTDC 
Occur,  of  Max  Press.,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay, 4 
Avg  Rate,  psi/° 

Max  Rate,  psi/° 


Comments: 


3to>ifk.Sjfcr.'  c 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  7mm 

0.0079"  Dia 
2.45  X 10-4  in2  Area 


Nozzle  Opening  Press:  2500  psi 


Engine  Speed,  rpm 

1200 

1600 

2000* 

2400* 

Indicated  Horsepower 

5.9 

8.1 

10.4 

12.5 

ISFC,  lb/lhp  hr 

0.403 

0.386 

0.428 

0.457 

Start  of  Injection,  °BTDC 

17.0 

18.0 

21.0 

•7  a n 
«■*  • 

End  of  Injection,  °ATDC 

2.5 

4.5 

3.0 

2.5 

Occur,  of  Rapid  Rise, 0 BTDC 

6.5 

5.5 

6.5 

6.5 

Occur,  of  Max  Press.,  °ATOC 

10.0 

10.0 

6.5 

6.0 

Max  Comb.  Press.,  pstg 

620 

530 

420 

340 

Ignition  Delay,  ° 

10.5 

12.5 

14.5 

17.5 

Avg  Rate,  psi/° 

18 

16 

17 

12 

Max  Rate,  pai/° 

41 

42 

80 

7! 

Comments:  * Run  at  ~ 4000  psl  opening  pressure  to  eliminate  post  injection. 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  + 5%  BCM  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  7mm 

0.0079"  Die 
2.45  X t0~4  in2  Area 


Nozzle  Opening  Pr  is:  2500  psi 


Engine  Speed,  rpm 

1200 

1600 

2000* 

2400* 

Indicated  Horsepower 

5.9 

8.1 

10.4 

12.6 

ISFC,  lh/!hp-hr 

0.473 

0.469 

0.469 

0.536 

Start  of  Injection,  °8TDC 

16.0 

18.0 

21.0 

25.0 

End  of  Injection, 0 ATDC 

5.0 

6.5 

3.0 

2.5 

Occur,  of  Rapid  Rise,  °8TDC 

7,0 

7.0 

8.0 

8.5 

Occur,  of  Max  Press.,  °ATDC 

.0.0 

10.0 

9.0 

8.0 

Max  Comb.  Press.,  psig 

600 

500 

440 

340 

Ignition  Delay,  ° 

9.0 

11.0 

13.0 

16.5 

Avg  Rate,  psi  /* 

18 

14 

14 

14 

Max  Rate,  psi  /* 

65 

58 

100 

11? 

Comments:  *Run  at  ~ 4900pei  opening  pressure  to  eliminate  post  injection. 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 

FUEL:  Diesel  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  10mm 

0.0079"  Dia 
2.45  X 10“4  in2  Area 


Nozzle  Opening  Press:  2500  psi 


Engine  Speed,  rprn 
Indicated  Horsepower 
ISFC(  Ih/lhp-hr 
Start  of  Injection,  ° BTDC 
End  of  Injection,  ° ATDC 
Occur,  of  Repid  Rise,  °BTDC 
Occur,  of  Max  Press.,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay, 0 
Avg  Rate,  pai/° 

Max  Rate,  pei/° 


1200 

1600 

2000 

2400 

5.8 

8.1 

10.5 

12.9 

0.416 

0.388 

0.445 

0.433 

12.0 

17.0 

17.0 

18.0 

3.5 

0 

3.0 

7.0 

3.0 

5.5 

4.5 

3.5 

9.5 

10.0 

11.6 

13.0 

640 

600 

520 

420 

9.0 

11. 6 

12.5 

14,5 

22 

21 

18 

13 

83 

100 

75 

75 

Comments: 


jpcs™ tr 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  lOmnr. 

0.0079"  Dia 
2.45  X 10"4  in2  Area 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-  hr 
Start  of  Injection,  “BTDC 
End  of  Injection,  ° 

Occur,  of  Rapid  Rise,  “BTDC 
Occur,  of  Max  Press,,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  ° 

Avg  Rate,  psi/° 

Max  Rate,  psi/  ° 


Comments:  Duplicate  Performance  Data 


Nozzle  Opening  Press:  2500  psi 


1200 

1600 

2000 

2400 

5.8 

8.1 

10.5 

12.9 

0.417 

0.415 

0.445 

0.422 

12.0 

17.0 

17.0 

18.0 

32 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 

FUEL:  Diesel  + 5%  BCM  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  10mm 

0.0079"  Dia 
2.46  X 10~4  in2  Area 


I 


i 

¥ 


' l 


Nozzle  Opening  Press:  2500  psi 


Engine  Speed,  rpm 

1200 

- 

1600 

2000 

2400 

Indicated  Horsepower 

5.8 

8.1 

10.5 

12.9 

ISFC,  Ib/lhp-hr 

0.438 

0.419 

0.419 

1495 

Start  of  Injection,  °BTDC 

13.0 

14.0 

15.5 

21.0 

End  of  Injection, 0 ATDC 

3.5 

5.5 

5.5 

2.5 

Occur,  of  Rapid  Rise,  °BTDC 

5.0 

4.5 

5.0 

7.0 

Occur,  of  Max  Press.,  °ATDC 

9.0 

11.0 

10.5 

12.0 

Max  Comb.  Press.,  psig 

640 

520 

460 

440 

Ignition  Delay,  ° 

8.0 

9.5 

10.5 

14.0 

Avg  Rate,  psi/° 

21 

17 

14 

15 

Max  Rate,  psi/° 

46 

40 

48 

85 

Comments: 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 

FUEL:  Diesel  + 5%  BCM  CAMSHAFT:  Tangential 

NOZZLE:  5 Hole  PLUNGER  DIA:  10mm 

0.0079"  Dia 
2.45  X 10“4  in2  Area 


Nozzle  Openina  Press:  2500  psi 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-hr 
Start  of  Injection,  °BTDC 
End  of  Injection,  ° 

Occur,  of  Rapid  Rise,  ° BTDC 
Occur,  of  Max  Press.,  “ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  ° 

Avg  Rate,  psi/° 

Max  Rate,  psi/° 


1200 

1600 

2000 

2400 

6.0 

8.0 

10.5 

12.9 

0.418 

0.408 

0.452 

0.592 

13.0 

14.0 

16.0 

21.0 

Comments:  Duplicate  Performance  Data 
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ENGINE  PEN  FORM  ANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  + 6%  BCM 


NOZZLE:  6 Hole 

0.0079"  Die 

2.94  X 10‘  4 in2  Area 


CAMSHAFT:  Tangential 
PLUNGER  DIA:  10mm 


Nozzle  i 


ting  Press:  2600  psi 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-hr 
Start  of  Injection,  “BTDC 
End  of  Injection,  * 

Occur,  of  Rapid  Rise,  ° BTDC 
Occur,  of  Max  Press.,  “ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  ° 

Avg  Rate,  f»i/° 

Max  Rate,  pei/“ 


1200 

1600 

2000 

2400 

5.8 

6.0 

i 

10.2 

12.5 

0.455 

1 

0.468 

o.4  m 

0.502 

12.0 

20.0 

19.0 

21.0 

Commer 
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ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Di«sel 

NOZZLE:  4 Hole 

0.0129"  Dia 

5.23  X 10"  4 in2  Area 


CAMSHAFT:  Tangential 
PLUNGER  DIA:  10mm 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-hr 
Start  of  injection,  °BTDC 
End  of  Injection,  ° 

Occur,  of  Rapid  Rise,  * QTDC 
Occur,  of  Max  Preaa.,  °ATDC 
Max  Como.  Press., 

Ignition  Jeiay, 0 
Avg  Rate,  psi/° 

Max  Rate,  ps;/ 


Notzie  O 
1200 

6.0 

0.422 

14.0 


1600 

8.1 

0.410 

20.0 


2090 

2400 

10.7 

12.6 

0.440 

■ 

0.463 

27.0 

28.0 

J 

5 


r 1 

L * 

linn’*. 




t 
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Comments: 


ENGINE  PERFORMANCE  AND  COMBUSTION  DATA 


FUEL:  Diesel  + 5%  BCM  CAMSHAFT:  Tangential 

NOZZLE:  4 Hole  PLUNGER  DIA:  10mm 

0.0129"  Dia 
5.23  X 10~  4 in2  Area 


Engine  Speed,  rpm 
Indicated  Horsepower 
ISFC,  Ib/lhp-hr 
Start  of  Injection,  °BTDC 
End  of  Injection,  ° 

Occur,  of  Rapid  Rise,  °8TDC 
Occur,  of  Max  Press.,  °ATDC 
Max  Comb.  Press.,  psig 
Ignition  Delay,  ° 

Avg  Rate,  psi/° 

Max  Rate,  psi/° 


Nozzle  Opening  Press:  2500  psi 


1200 

1600 

2000 

2400 

5.8 

8.0 

10,5 

12.9 

0.45C 

0.459 

0.469 

0.519 

15.0 

17.0 

22.0 

23.0 

- - - 

1 



Comments: 
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CLR  DIESEL  HEAT  RELEASE 

BORE  DIAMETER  a 
CRANK  RADIUS  a 
CONNECTING  ROD  LENGTH  a 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  a 
INLET  PRESSURE  a 
INLET  TEMPERATURE  * 
AIR/FUEL  RATIO  a 
FUEL  MOLECULAR  WT  a 
SF1  a 
SF2  a 
PATH  a 


p 

THETA 

C p 3 I ) 

(DEC 

1?*,00 

30r  00 

235,20 

25,00 

2*8,30 

20,00 

3*7,70 

15,00 

*5* , *0 

10,00 

53*t 50 

5.00 

820. *0 

0,00 

*b*.SO 

5,00 

100b. 80 

10,00 

*57,10 

15,00 

870.10 

20,00 

808,00 

25,00 

b03. fcO 

30,00 

5*b  , bG 

35,00 

50*,  bO 

*0,00 

*5*  , *0 

*5,00 

385.30 

50.00 

335,  bO 

5S,00 

273,50 

bO.OO 

23b. 20 

b5,00 

1*8, *0 

70,00 

DATA  — NL 

123  TIP#  7 

3,800 

INCHES 

1,875 

INCHES 

b,375 

INCHES 

lb , 700 

,700 

13, *10 

P8I 

SbO.QOO 

DEG,  R 

15,000 

18*, 000 

LB/LB-MOLE 

0.000 

1,000 

0,000 

OO/DTHETA 


*•0089*182 
•,001517 
•,00270* 
,001bb* 
•002*35 
**025777 
•,015385 
,0*5583 
,0*8*70 
,0**000 
,0585** 
,0572*0 
,033575 
,03*57* 
,03***2 
,0272*3 
•,0010*2 
•,01311* 
-,02**78 
*, 015*5* 
•,031**1 


B*P#  1200  RPM#  OF-2  FUEL 


W a 


3, bS80£+02 


CUR  DIESEL  HEAT  RELEASE  DATA  — NL  123  TIPr  7 MM  8*P,  .1800  RPM,  8CH  FUEL 


BORE  DIAMETER  ■ 

3.800  INCHES 

CRANK  RAOIUS  a 

1,875  INCHES 

CONNECTING 

ROD  LENGTH  a 

5,375  INCHES 

COMPRESSION  RATIO  a 

15.700 

VOLUMETRIC 

EFFICIENCY  a 

.700 

INLET  PRESSURE  « 

13,910  PSI 

INLET 

TEMPERATURE  ■ 

550.000  DEG.  R 

AIR/FUEL  RATIO  a 

1**000 

FUEL  MOLECULAR  WT  a 

181,200  LB/LB-HOLE 

8F1  a 

0.000 

SF2  » 

1.000 

PATH  » 

0.000 

P 

THETA 

DQ/DTHETA 

< P SI 

) (DEG) 

1S?.*0 

30.00 

.005957 

181. bO 

25.00 

*.005531 

278.50 

20.00 

•.00719* 

353.30 

15.00 

•#008879 

*50,20 

10.00 

.008857 

*95,50 

S.QO 

••028593 

835,50 

0.00 

-.027*7* 

932,50 

5.00 

.033110 

932,50 

10.00 

.037802 

88*. 00 

15.00 

.0*2172 

799.30 

20.00 

.0*3557 

71*. 50 

25.00 

.037953 

505.50 

30.00 

,021152 

508,50 

35.00 

.00159* 

399.50 

*0.00 

.005073 

353.30 

*5.00 

.0127*7 

290.50 

50,00 

*.01577* 

2*2.20 

55.00 

.00159* 

218.00 

50.00 

.000880 

181.50 

55.00 

•.032777 

133,20 

70.00 

•.0555*7 

W ■ 2,9919E*02 


cut  DIESEL  HEAT  RELEASE  DATA 


NL  123  TIP#  7 MM  B4P,  IbOO  RPM,  DP-2  FUEL 


BORE  DIAMETER  a 
CRANK  RAOIUS  « 
CONNECTING  ROD  LENGTH  a 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  * 
INLET  PRESSURE  ■ 
INLET  TEMPERATURE  a 
AIR/FUEL  RATIO  « 
FUEL  MOLECULAR  WT  a 
SF1  a 
SF2  a 
PATH  a 


p 

THETA 

( p S I 

) (DEG 

172, bO 

30,00 

230,10 

25,00 

287. bO 

20.00 

388,30 

15.00 

4b0,20 

10,00 

532,10 

5,00 

848,40 

0.00 

442.20 

5,00 

100b, bO 

10.00 

477,80 

15.00 

841, bO 

20,00 

805.30 

25,00 

733,10 

30,00 

bbl.SO 

35,00 

584, bO 

40,00 

532,10 

45,00 

415.80 

50.00 

417,00 

55,00 

373.40 

bO.GO 

31b#40 

b5e00 

273,20 

70,00 

W a 4„2722E4tJ2 


3,800 

INCHES 

1*875 

INCHES 

b,3?5 

INCHES 

lb, 700 

,b72 

13,870 

PS! 

SbO.OOO 

DEG,  n 

15,400 

184,000 

LB/LB-MOLE 

0,000 

1,000 

0,000 

DQ/DTHETA 


-,00712V 

-,000358 

-,003005 

-,000373 

,Q01b24 

-.024441 

-,020011 

,045038 

,044387 

,05711V 

,057738 

•ObBOO? 

,074315 

,07blb8 

,073418 

,037BbS 

,02745b 

,075408 

-,011107 

-.050124 

-,051323 
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CLR  DIESEL  HEAT  RELEASE  DATA  ••  NL  123  TXP»  7 MM  B*P#  IbllO  RPM*  BCM  FUEL 


BORE  DIAMETER  * 
CRANK  RADIUS  a 
CONNECTING  ROD  LENGTH  a 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  * 
INLET  PRESSURE  a 
INLET  TEMPERATURE  a 
AIR/FUEL  RATIO  a 
FUEL  MOLECULAR  WT  a 
SFI  » 
SF2  a 
PATM  » 


p 

THETA 

C P 3 I ) 

c o e g : 

153.30 

30.00 

230,00 

25,00 

30b. bO 

20.00 

3*8, bO 

15.00 

*S*.*0 

10,00 

7*7,20 

5,00 

1011.80 

0,00 

1103.80 

5.00 

1103.80 

10,00 

1011.80 

15.00 

*0* . 50 

20,00 

7*7.20 

25.00 

b7*,50 

30.00 

5*7.10 

35,00 

505. *0 

*0,00 

*** , bO 

*5,00 

352. bO 

50,00 

321, *0 

55.00 

275,10 

bO.OO 

230,00 

bS.QO 

18*C0G 

70,00 

W ■ 3,bU*8E*02 


3,800 

INCHES 

1,875 

INCHES 

b,37S 
lb, 700 
,b72 

INCHES 

13,870 

PSI 

5bO,QOO 

1*,200 

DEG,  R 

181,200 

0,000 

1,000 

0,000 

LB/LB*HOLE 

OQ/OTHETA 


•,OJi72*b 
••0075*0 
•*003315 
•0027*5 
••027787 
•,0'>82Q2 
•, 0156*8 
,0*1*16 
,0**3b3 
,0*971* 
,0*860? 
,Q*1**7 
,0378** 
,03*258 
,023*8* 
•* 000*5*3 
-,007b3* 
,018027 
•«018b30 
•,038188 
•,063822 
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CL«  DIESEL  HEAT  RELEASE  OATA  — NL  123  TIP*  7 MM  B*P,  £000  RPM,  DF**2  FUEL 


BORE  DIAMETER  « 

3.800 

INCHES 

CRANK 

RADIUS  ■ 

1,875 

INCHES 

CONNECTING  ROD 

LENGTH  * 

b’,  375 

INCHES 

COMPRESSION 

RATIO  * 

lb, 700 

VOLUMETRIC  EFFICIENCY  * 

,b53 

inlet  PRESSURE  * 

13,830 

P3I 

inlet  temperature  * 

SbO.OOO 

DEG,  R 

AIR/FUEI 

RATIO  ■ 

15.200 

FUEL  MOLECULAR  NT  ■ 

18H.000 

LB/L8-M0LE 

SFi  a 

0.000 

3F2  a 

1.000 

PATH  a 

0.000 

P 

THETA 

Ofi/DTHETA 

( P S I ) 

( D E G ) 

1 H 7 , 2 0 

10.00 

m 

.001550 

202, HO 

iJS.QO 

m 

,008703 

21H.HQ 

;»o,oo 

m 

.OObbHR 

38b. HO 

15.00 

,000*23 

HbO.OO 

10.00 

«s 

.00**8* 

b2S,bO 

5.00 

m 

•OSSOlb 

113H.00 

0.00 

•» 

,0b2bb* 

1122. HO 

5.00 

,025853 

1085.  bO 

10.00 

,0*051* 

1012.00 

15.00 

,0*7107 

*01. bO 

20.00 

,0b2110 

BHb.HO 

25.00 

•0l3bb7 

772.80 

30.00 

« !Qbb7* 

717, bO 

35.00 

,1*07*0 

bb2.H0 
' 825. bO 
7*  ~5  7 0 , H 0 
U,H*b.80 
H 78, HO 
r"V32# 20 
^asb.no 


HO. 00 
HS.00 

50.00 

55.00 
bO.OO 
bS.OO 

70.00 


,111314 

.2173*7 

,115388 

,23123b 

•1.3HS501 

*».003H38 

•118*21 


W a S.07S7E102 


r/o 

V '^r 

-J  *'■>?  ? 

'<<>  7 

4. 


*> 


O 


4 

> «• 


6 


45 


f 


CIR  DIESEL  HEAT  RELEASE  DATA  — NL 


BORE  DIAMETER 

• 

3.800 

CRANK  RAOIUS 

a 

1,875 

CONNECTING  ROD  LENGTH 

s 

b,375 

COMPRESSION  RATIO 

a 

lb. 700 

VOLUMETRIC  EFFICIENCY 

a 

,bS3 

INLET  PRESSURE 

a 

13,830 

INLET  TEMPERATURE 

a 

SbO.OOO 

air/fuel  ratio 

a 

19,200 

FUEL  MOLECULAR  NT 

s 

181.200 

SF1 

3 

0.000 

SF2 

a 

1,000 

PATH 

a 

0,000 

123  TIP*-  7 MM  B9P*  2000  RPM,  BCM  FUEL 

INCHES 

INCHES 

INCHES 


PSI 

DEC.  R 
LB/LB-HOLE 


P 

( P S I ) 
14b. ‘>0 

209.10 

292.70 

355.50 
9 bo.00 

991.00 

1171.00 
1259. bO 

1233.70 

1150.00 
IQbb , 90 

991.00 

857,30 

773.70 
b98,20 
559, bO 
522.80 

939.10 
37b. 90 

339.50 
292.90 


THETA 
C 0 £ G ) 

30.00 

25.00 

20.00 

lSo00 

io.no 

5.00 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

90.00 

95.00 

50.00 

55.00 
bO.OO 
bS.OO 

70.00 


OQ/DTHETA 

01189b 
-,008007 
- ,000893 
•,001511 
•,099753 
•, 070*80 
•,020857 
,095990 
.059895 
,071902 
,089899 
,09035b 
.128981 
w 089559 
,022855 
,092097 
.072022 
•,0b52b9 
•.023238 
•,0lbl95 
•,059222 


M s 9.8335E902 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  123  TIP*  ? HH  B4P,  2400  RPM*  DF»2  FUEL 


BORE  OIAHETER  * 
CRANK  RADIUS  * 
CONNECTING  ROD  LENGTH  a 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  a 
INLET  PRESSURE  a 
INLET  TEMPERATURE  » 
AIR/FUEL  RATIO  ■ 
FUEL  MOLECULAR  NT  « 
SF1  s 
SF2  » 
PATH  a 


p 

THETA 

( P 3 I ) 

(DEG 

138,00 

30.00 

207*00 

25,00 

2S3*  00 

20.00 

345,00 

15.00 

450.00 

10,00 

851*00 

5.00 

1145.00 

0,00 

1311. GO 

5.00 

1288*00 

10,00 

1214*00 

15*00 

1127.00 

20*00 

1058.00 

25.00 

45b. 00 

30,00 

874.00 

3S,00 

805.00 

40*00 

754,00 

45*00 

713,00 

50*00 

544,00 

55.00 

548.00 

50.00 

524,00 

55*00 

483*00 

70*00 

W a b.381?E+02 


3*800 

INCHES 

1*875 

INCHES 

5*375 

INCHES 

lb , 700 

.554 

13,740 

PSI 

550,000 

DEG*  R 

15*800 

184,000 

LB/LB^MOLE 

0,000 

1.000 

0,000 

DQ/DTHETA 


•,015325 
•*002381 
•,002330 
•*007258 
•*040385 
••071818 
••033005 
•053740 
•052487 
•084113 
•118405 
•171254 
.205788 
*321538 
1*373375  - 
•*583552 
••150553 
•*078887 
••02245R 
•023540 
,012534 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  123  TIP,  7 MH  B*Pf  2400  RPM,  BCH  FUEL 


BORE  DIAMETER 

a 

3.800 

INCHES 

CRANK  RADIUS 

■ 

1.875 

INCHES 

CONNECTING  ROD  LENGTH 

a 

b .375 

INCHES 

COMPRESSION  RATIO 

s 

lb. 700 

VOLUMETRIC  EFFICIENCY 

■ 

. ,bS4 

INLET  PRESSURE 

a 

13,740 

PSI 

INLET  TEMPERATURE 

a 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO 

a 

14,400 

FUEL  MOLECULAR  WT 

s 

181.200 

LB/L8-M0LE 

SF1 

s 

0,000 

SF2 

B 

1,000 

PATH 

a 

0,000 

P 

THETA 

DO/DTHETA 

( P 8 I ) 

(DEG) 

81,20 

30,00 

*,034154 

184,40 

2S,00 

*,017341 

270, bO 

20,00 

*,0040b7 

378,80 

15.00 

*,003184 

4b0, 00 

10,00 

*,0b4b4b 

113b, SO 

5.00 

*,078074 

1140, bO 

0,00 

,015541 

1353,00 

5.00 

«0b4303 

1325,40 

10,00 

,057415 

1217,70 

15.00 

,07bb25 

113b, 50 

20.00 

,111377 

11)28,30 

25,00 

,12204b 

420,00 

30,00 

,155273 

838,40 

35,00 

,232207 

757,70 

40,00 

,24371b 

b54 , 40 

45,00 

,148330 

S 4 5 , 3 0 

50,00 

,723374 

541,20 

55,00 

*,080752 

4bQ  , 00 

bO.OO 

-,47035b 

405,40 

b5„00 

*,2b8417 

351,80 

70.00 

-,283175 

5 , 55b 1E+02 
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ClR  DIESEL  HEAT  RELEASE  DATA  — ADB  b3bl  TIP#  10  MM  B+P#  1200  RPMr  DF-2  FUE 


BORE  DIAMETER 

3 

3.800 

INCHES 

CRANK  RADIUS 

3 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

S 

b » 375 

INCHES 

COMPRESSION  RATIO 

3 

lb, 700 

VOLUMETRIC  EFFICIENCY 

3 

,700 

INLET  PRESSURE 

3 

13,310 

PSI 

inlet  TEMPERATURE 

3 

SbU.GOO 

DEG.  R 

AIR/FUEL  RATIO 

3 

17,  *00 

FUEL  MOLECULAR  WT 

3 

181,000 

LB/LB<*MOLE 

SF1 

3 

0.000 

SF2 

•m 

1,000 

PATM 

s 

0,000 

P THETA  DO/DTHETA 

( P S I ) (DEG) 


171,80 

30,00 

,002331 

211,50 

25,00 

, OOQbQS 

27b. 00 

20,00 

•,000b35 

313,50 

15,00 

",003831 

IbO.OO 

10.00 

•.002350 

533, bO 

5.00 

•#025b0b 

803, bO 

0.00 

•,011372 

35b, 80 

5,00 

,01b807 

1002.80 

10.00 

,013830 

35b. 80 

15.00 

,050283 

871,00 

20,00 

,0l5b23 

751,10 

25,00 

,030310 

b 3 1 , 8 0 

30.00 

,021010 

S12.80 

35.00 

,017723 

150.80 

10,00 

-.001072 

3b8  , GO 

15,00 

-,003112 

303. bO 

50,00 

-,008333 

257, bO 

55,00 

•,003782 

211,50 

bO.OO 

-.003115 

133.20 

bS.OO 

,003327 

lbS.bO 

70,00 

•,015117 

H x 3 , 2070E102 

i 

<». 
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0ORE  DIAMETER  * 
CRANK  RADIUS  a 
CONNECTING  ROO  LENGTH  a 
COMPRESSION  RATIO  * 
VOLUMETRIC  EFFICIENCY  * 
INLET  PRESSURE  = 
INLET  TEMPERATURE  a 
AIR/FUEL  RATIO  a 
FUEL  MOLECULAR  WT  a 
SFI  s 
SF2  * 
PATH  = 


p 

THETA 

( P S I ) 

(DEG 

201,20 

30.00 

ais.io 

35.00 

31b . 1 G 

20,00 

383,20 

IS, 00 

158.80 

10,00 

5fe5.2G 

5,00 

813,00 

0,00 

88b. 30 

5,00 

1053,80 

10,00 

1015,50 

15.00 

838.80 

20.00 

823,80 

25,00 

b88 , 30 

30.  OG 

571,80 

35,00 

1H8.bO 

10,00 

Hi 1,S0 

15,00 

353.30 

50,00 

2S7.00 

55,00 

22  S . SO 

bO.OO 

201,20 

bs.on 

18.1. bO 

70,00 

w = a,i883Ei02 


3.800 

INCHES 

1,875 

INCHES 

b„37S 

INCHES 

At. 700 

,700 

13,810 

PSI 

550,000 

DEG,  R 

Ife.feOO 

181.200 

LB/L9-M0LE 

0,000 

1,000 

0,000 

OO/DTHETA 


,000071 
,001383 
,002878 
,003320 
-,00272.1 
-,028«03 
-,01.  ♦123 
,050881 
.055888 
,053831 
*85BS8b 
,G12138 
,020771 
,011011 
,013018 
,00fc'>83 
-,000118 
-,C2S2SO 
-,Q2bb2!b 
,012813 
,028153 


>L..\  ...  . .'  ■• 'MA^K.  i'}  tHv  -! 
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CUR  DIESEL  HEAT  RELEASE  DATA  — AOB  b8bl  TIP#  10  HM  B+P#  IbOO  RPM,  DF-3  FUE 


BORE  DIAMETER 

3 

3»wno 

INCHES 

CRANK  RADIUS 

s 

1.875 

INCHES 

CONNECTING  ROD  LENGTH 

s 

b,3?5 

INCHES 

COMPRESSION  RATIO 

s 

lb,?00 

VOLUMETRIC  EFFICIENCY 

,b?2 

inlet  PRESSURE 

s 

13,870 

PSI 

INLET  TEMPERATURE 

mm 

Sb0,000 

DEG,  R 

A I P/FUEL  RATIO 

s 

17,800 

fuel  molecular  WT 

r 

188.000 

lb/lb-mole 

SFi 

s 

0,000 

SF2 

= 

1,000 

PATH 

— 

0.000 

P 

THETA 

DQ/DTHETA 

< P S I ) 

(DEG) 

its.ao 

30,00 

-.Olbbbl 

aaa, ?o 

25,00 

— #008885 

P8S.89 

20.00 

".001718 

3 72,80 

IS. 00 

-.001387 

858,80 

10.00 

-.01bl7.l 

b 71 , 20 

5,00 

•*,088328 

1018.30 

0.00 

-,Q2b778 

XlSb.OO 

S.00 

. ObbbBb 

12b?, 80 

10.00 

,083807 

1283. oo 

IS. 00 

,085818 

1183. bo 

ao.oo 

.088530 

1031.70 

25.00 

,108b2b 

807.80 

30.00 

. 0b808b 

VS8.20 

35.00 

.028381 

b8b,80 

80.00 

.033171 

558,80 

85,00 

,011878 

872,30 

50. 00 

-.028287 

387. bO 

55.00 

,000812 

3bO  . 50 

bO.GO 

,010171 

310.80 

bS.OO 

-.001387 

285.80 

70,00 

.025783 

w = «*.aaaie+oa 


lu&t*. 
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CLR  DIESEL.  HEAT  RELEASE  DATA  — AOS  l>8bl  TlP»  IG  MM  B*P# 


DOME  DIAMETER  * 

3.80C 

INCHES 

CHANK  RADIUS  * 

1.875 

INCHES 

CONNECTING 

ROD  LENGT'*  a 

b'«. 375 

INCHES 

COMPRESSION  RATIO  a 

lb, 700 

VOLUMETRIC 

EFFICIENCY  » 

.572 

INLET  PRESSURE  n 

13,870 

PSX 

INLET 

TEMPERATURE  » 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO  a 

15,800 

FUEL  MOLECULAR  NT  « 

131,200 

L8/L9-M0LE 

SF1  « 

0,000 

Sf  2 » 

1.000 

PATH  a 

0,000 

P 

THETA 

DQ/DTHETA 

( P S I 

) (DEG) 

181.70 

30.00 

m 

,007588 

242,20 

25.00 

m 

,000441 

3U2.80 

20.00 

,003815 

3b3.3Q 

15.00 

•nooatfc 

4b0.20 

10,00 

m 

,004137 

557.10 

5.00 

P 008354 

487.70 

0.00 

,052750 

85b . 70 

5.00 

,08*»3^b 

1053. bO 

10.00 

,0b8385 

1041.50 

15.00 

,074383 

880.80 

eo.oo 

,088128 

820.40 

25,00 

.101327 

823.50 

30.00 

.071141 

702.40 

30. OG 

,038873 

b05 . 50 

40.00 

» 022112 

508. bO 

45,00 

,025080 

4foU .20 

50.00 

.04258b 

338.70 

55.00 

m 

,01318b 

338.10 

bO.OO 

m 

.032058 

280. bO 

b5 ,00 

■ w 

,02333? 

254.30 

70.00 

m 

, OSbftbS 

W s 4,348SE*02 


iV>  A »?>■  jy..r . $>n  .\£l£u? 
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CLR  0IE9EU  HEAT  RELEASE  DATA  --  ADB  65bl  TIP#  10  MH  B1P#  a0C0  RPW#  'QP»i  FUEL 


BORE  DIAMETER 

vs 

3,600 

INCHES 

CRANK  RADIUS 

a 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

s 

6,375 

INCHES 

COMPRESSION  RATIO 

a 

lb, 700 

VOLUMETRIC  EFFICIENCY 

a 

,653 

INLET  PRESSURE 

a 

13,830 

PSI 

INLET  TEMPERATURE 

a 

SbO.OOO 

DEG.  R 

AIR/FUEL  RATIO 

s 

11,000 

fuel  molecular  wt 

a 

181,000 

LB/IB*MQUE 

8F1 

a 

0,000 

SF2 

a 

1,000 

PATH 

3 

0,000 

P 

THETA 

DQ/DTHETA 

(PSI) 

(DEG) 

158. ao 

30,00 

",008551 

215.70 

25.00 

",007005 

302.00 

20,00 

-.001331 

388.30 

15,00 

,001523 

150,20 

10,00 

».Q0b7S5 

bO+.OO 

5,00 

-.011131 

577,80 

0.00 

-,023bb7 

1 1 bl . 80 

5.00 

,068658 

1222.30 

10.00 

,08818b 

123b, 70 

15,00 

,130180 

1207.50 

20.00 

,167722 

1107, ?0 

25. QO 

.187535 

iOOb.bO 

30.00 

,21bb31 

851,00 

35,00 

,17178b 

717,80 

10.00 

-,06832b 

618.10 

15.00 

-,018635 

51b, 10 

SO. 00 

.101102 

188,50 

55,00 

-.noioii 

117,00 

bO.OO 

,005116 

388,30 

b5.00 

-,UG315b 

330.70 

70,00 

-.220258 

W a 5,1810ElQ2 


!»£■<?  *1*-'v  '-  ~ ;»P|fR'V  •■ 
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CLR  DIESEL  MEAT  RELEASE  DATA  — ADB  b9bl  TIP,  10  MM  B*Pr  2000  RPM,  BCM  FUE» 


BORE  DIAMETER 

S* 

3 , 900 

INCHES 

CRANK  RA0IU3 

a 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

a 

b,3>5 

INCHES 

COMPRESSION  RATIO 

a 

lb, 700 

volumetric  efficiency 

a 

,bS3 

inlet  PRESSURE 

a 

13,830 

PSI 

INI.ET  TEMPERATURE 

a 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO 

a 

1*,900 

FUEL  MOLECULAR  WT 

s 

181.200 

L0/LB-HOLE 

SF1 

a 

0.000 

SF2 

a 

1,000 

PATH 

<*• 

0,000 

P 

THETA 

OQ/DTHETA 

(PSI) 

(DEG) 

18b, 50 

30,00 

-,002329 

23b.2Q 

25,00 

.003098 

285. SO 

20,00 

,000195 

3 72, SO 

15,00 

-,coi*5i 

*59,90 

10,00 

•“,00191b 

S*b„90 

5,00 

-,02988* 

8*5.20 

0,00 

*,017522 

99*. *0 

5,00 

,0*9791 

1031,70 

10,00 

,058909 

10  IS , 30 

15,00 

,07283b 

957.10 

20,30 

,08231* 

882,50 

25,00 

,081135 

770,70 

30.00 

,059528 

b?1.2Q 

35.00 

,0b2b92 

59fe.b0 

*0,00 

,0b29bl 

522. 1G 

*5.00 

,028152 

**7.50 

SO.  00 

*,000592 

385.30 

55,00 

», 00529* 

335. bO 

bO.OO 

«*.  oaoobs 

208.30 

b5.no 

-,00bb*0 

Efei.OO 

70,00 

-,032509 

M * *»2?3SC*92 


•w?'*y'^:rymFkr? 
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CUR  DIESEL  HEAT  RELEASE 

DATA  — ADS 

b*bl  TIP,  10  HH  8*P,  2400  RPH,  DF-Z  FUE 

SORE  DIAMETER 

a 

3tB00 

INCHES 

CRANK  RADIUS 

s 

1*8  75 

INCHES 

CONNECTING  ROD  LENGTH 

a 

b , 3 75 

INCHES 

COMPRESSION  RATIO 

a 

lb. 700 

VOLUME TH I C EFFICIENCY 

3 

,bS* 

INLET  PRESSURE 

a 

13,7*0 

PSI 

INLET  TEMPERATURE 

a 

SbO.OOO 

DEG.  R 

AIR/FUEL  RATIO 

3 

l*.2O0 

FUEL  MOLECULAR  WT 

3 

18*. 000 

L0/L8-HOLE 

SFi 

3 

0.000 

SF2 

a 

1,000 

PATH 

a 

0,000 

P 

THETA 

OQ/OTHETA 

C P 8 I ) 

(DEG) 

123,80 

30,00 

-.017308 

l**,bO 

25.00 

-,008285 

2b5.*0 

20.00 

-,00*7*3 

353.80 

15.00 

-.00518* 

*5*. *0 

10.00 

-,00b35b 

Sbb.lO 

5,00 

-,03777* 

MIS, 80 

0.00 

-,02S*3b 

10b 1 , 80 

5,00 

,0b***8 

1185.20 

10,00 

, I02b82 

1238,30 

15,00 

,1333*8 

1185,20 

20.00 

,172*01 

US  8. 80 

25,00 

,2bO*?2 

102b, 00 

30.00 

,28285b 

837, bO 

35,00 

.78**** 

831. MO 

*0.00 

-1 . *0b30* 

725.30 

*S,00 

.1*35** 

feni.so 

50,00 

.2**2** 

5bb,10 

55,00 

-,3b2lb8 

513,00 

bO.OO 

. 0381*b 

**2,20 

bS.OO 

,325705 

388.20 

70,00 

,7*8122 

W s b.0332E+n2 
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CUR  DIESEL  HEAT  RELEASE  DATA  — ADB  b4bl  TIP,  10  MM  B+P#  2400  RPH#  BCM  FUE 


BORE  DIAMETER  a 3.000 

CRANK  RADIUS  a 1.875 

CONNECTING  ROD  LENGTH  a 5,375 

COMPRESSION  RATIO  « lb, 700 

VOLUMETRIC  EFFICIENCY  « ,554 

INLET  PRESSURE  « 13.740 

INLET  TEMPERATURE  a SbO.OOO 

AIR/FUEL  HATIO  a 12,400 

FUEL  MOLECULAR  WT  a 101,200 

SFL  a 0.000 

SF2  a 1,000 

PATH  a 0,000 


INCHES 

INCHES 

INCHES 


P8I 

OEG,  R 
LB/LB-MOLE 


p 

THETA 

DQ/OTHeTA 

( P S I ) 

(DEC) 

lb4 .30 

30.00 

-,004358 

213. bO 

25,00 

-.001831 

274.30 

20.00 

-.002034 

Bbl.SO 

15,00 

-,0034bb 

4 b 0 „ Q 0 

10,00 

-,031353 

7fl8.b0 

5,00 

-,045742 

485.80 

0,00 

-.002101 

llbb.50 

5,00 

,054112 

1144.40 

10.00 

,077885 

1144.40 

IS, 00 

,111823 

1150.10 

20.00 

, lblbSS 

1117.20 

2S.00 

.278144 

1051.50 

30,00 

,481140 

452.40 

35,00 

1,450244 

821.50 

40,00 

-3,755054 

734,40 

45,00 

-.204251 

b40 , 80 

SO. 00 

-,053780 

575,10 

55,00 

,02541b 

442,40 

bO.OQ 

,154124 

443, bO 

bS.OO 

.187543 

377.40 

70,00 

2b. 53442b 

H a b.0084E+02 


t 
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CLR  DIESEL  MEAT  RELEASE 

BORE  DIAMETER  « 
C«AN*  RADIUS  a 
CONNECTING  ROO  LENGTH  * 
COMPRESSION  RATIO  * 
VOLUMETRIC  EFFICIENCY  a 
INLET  PRESSURE  a 
InlEF  TEMPERATURE  ■ 
AIR/FUEL  RATIO  a 
FUEL  MOLECULAR  WT  * 
SFl  a 
SF2  * 
PATH  a 


P 

THETA 

P 3 I ) 

(DEG 

115 , SO 

30,00 

211,50 

25,00 

310.50 

20.00 

102.50 

15.00 

150,00 

10,00 

521,00 

5.00 

532,50 

0,00 

508.50 

5.00 

113,00 

10.00 

113,00 

15,00 

871.00 

20.00 

805,00 

25,00 

701.50 

30,00 

b21.00 

35,00 

552,00 

10,00 

171,50 

15,00 

125,50 

50.00 

371,50 

55.C0 

333.50 

bO.OO 

211.00 

bS.OO 

253,00 

70,00 

W a 3,1715E*02 


DATA  — NL  HI  TIP#  7 MM 

3 ,800  INCHES 

L.87S  INCHES 

b.37S  INCHES 

lb. 700 
• 700 

13,110  PSI 

SbO.COO  DEG*  R 

15,500 

181,000  L0/L0-MOLE 

0.000 
1.000 
0,000 

DO/PTHETA 

,000331 
,0QCfe8b 
-,00l7b2 
,003552 
,003blS 
-,00731b 
,017801 
.051287 
,050735 

,ot»oiu 

•OblSSb 
,0bl3Pl 
,011103 
,0S1b31 
,038773 
.021155 
.012751 
.020783 
,01027b 
-,0l2bS3 
-,0S37b3 


BfP#  1200  RPH,  DP-2  FUEL 


CLP  DIESEL  HEAT  RELEASE  DATA 


KL  141  T tP»  7 HH  BfP,  1200  RPM*  BCH  FUEL 


90HE  DXAMETER 

* 

3,800 

INCHES 

CRANK  RADIUS 

a 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

a 

fe,3?5 

INCHES 

COMPRESSION  RATIO 

* 

Ib.VOQ 

VOLUMETRIC  EFFICIENCY 

as 

.700 

pal 

INLET  PRESSURE 

w 

13,410 

INLET  TEMPERATURE 

9 

St>U*OOG 

DEG,  R 

AIR/FUEL  RATIO 

9 

14,800 

LB/LB-MOLE 

fuel  molecular  WT 

a 

181,200 

9 FI 

B 

0,000 

SF2 

a 

1,000 

PATH 

s 

0,000 

p THETA  dq/otheya 


( P S I ) 

C 0 £ G ) 

174,00 

30,00 

»„ 008483 

23b, 20 

25,00 

,000744 

285,40 

20,00 

,002181 

3bO.SU 

15,00 

-,002018 

454,40 

10,00 

-.003228 

54b, 40 

S,00 

-,033173 

BSi',50 

0,00 

-,024487 

lOCb  . 80 

5.00 

,045312 

1044,10 

10.00 

,053340 

100b. 80 

15.00 

,0b4b?0 

457,10 

20.00 

,07b 70 3 

870,10 

25,00 

.071255 

770.70 

30,00 

,0b0b30 

b 7 1.20 

35.00 

,048623 

584.20 

40. CO 

,050751 

522.10 

45.00 

, 0 7bb48 

484,80 

50.00 

,057147 

422. bO 

55.00 

-.004351 

3b  3 . SO 

fe'D.OQ 

-,004bl3 

323.20 

bS.OO 

,003463 

285.40 

70.00 

-.023574 

W * 4.4114E*G2 
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CLR  DIESEL  HEAT  RELFA8E  DATA 


NL  181  TIPr  7 MM  B*P»  1500  RPM,  DP«*2  FUEL 


|J 


BORE  OIAMETER  * 

3.300 

INCHES 

CRANK 

RAOIUS  s 

1,875 

INCHES 

CONNECflNG  ROD 

LENGTH  a 

b,  375 

XNCHES 

COMPRESSION 

RATIO  a 

lb, 700 

VOLUMETRIC  EFFI 

CIENCV  a 

,b?2 

INLET  PRESSURE  s 

13,870 

PSI 

INLET  TEMPERATURE  » 

SbO.OOO 

DEG,  R 

AIR/FUEL 

RATIO  a 

15,700 

FUEL  MOLECULAR  WT  a 

188,000 

L8/LB«*M0LI£ 

SF1  « 

0,000 

SF2  = 

1,000 

PATH  a 

0,000 

P 

THETA 

OQ/DTHETA 

( P S I ) 

(DEG) 

178*10 

3G  ,00 

m 

,000808 

222, bO 

25,00 

m 

,001588 

28b, 80 

20. OC 

m 

,000818 

371,00 

15,00 

m 

,00007b 

8b0.00 

10,00 

,00233b 

S88.10 

5,00 

• 

,038338 

880.80 

0,00 

m 

,025375 

1008,10 

5.00 

, 08053b 

1008,10 

10.00 

,051753 

1008,10 

15,00 

,072703 

888,80 

20.00 

,078037 

875, bO 

25,00 

,085057 

78b, SO 

30,00 

,103537 

782,00 

35.00 

,128800 

bS3.00 

80,00 

,077581 

578,80 

85,00 

,050278 

508, bO 

50,00 

,058227 

8bU , 00 

55,00 

,080238 

815,50 

bO.OO 

.138573 

800,70 

bS.OO 

,087383 

381,30 

70,00 

m 

,217102 

w m 8.0288E3Q2 


! & 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  141  TIP#  7 MM  B*P#  IbUO  RPM#  0CM  FUEL 


BORE  DIAMETER 

s 

3,800 

INCHES 

crank  radius 

a 

1,8?5 

INCHES 

CONNECTING  ROD  LENGTH 

X 

b ,375 

INCHES 

COMPRESSION  RATIO 

■ 

lb, 700 

VOLUMETRIC  EFFICIENCY 

s 

,b?2 

INLET  PRESSURE 

s 

13,370 

PSI 

INLET  TEMPERATURE 

s 

5b0 ,000 

DEG,  R 

AIR/FUEL  RATIO 

a 

14,fe00 

FUEL  MOLECULAR  WT 

3 

181,200 

L0/L8-MQLE 

8F1 

s 

0.000 

SF2 

a 

1,000 

PATM 

s 

0,000 

P 

THETA 

dc/otheta 

(PSI) 

(DEC) 

138,00 

30.00 

-, 025131 

230,00 

25.00 

-,004b74 

27b, 00 

20.00 

•,000887 

3b8,00 

15, 00 

*,002887 

4b0„00 

10,00 

-.015388 

b58, 30 

5.00 

-,023b37 

787,30 

0.00 

,005307 

881,30 

5,00 

,05204b 

1012.00 

10,00 

,05701b 

1012.00 

15,00 

,0b8b28 

835.30 

20,00 

,075151 

87*, OQ 

25,00 

,08502b 

787.30 

30,00 

,llb088 

751.30 

3S.OO 

,10547b 

b2B, 70 

*0,00 

,073237 

588,00 

*5,00 

,235035 

5b7 , 30 

50,00 

,274350 

50b, 00 

55,00 

,138b22 

4b0,00 

bO.OO 

, US8b2 

414,00 

bS,00 

, lb471Q 

383,30 

70.00 

.448744 

W a 5.0140E+Q2 
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CLR  OIESEL  HEA  f RELEASE  DATA 


Nl  1*1  TIP#  7 MM  B*P#  2000  RPM#  DF-2  FUEL 


BORE  DIAMETER  a 
CRANK  RADIUS  « 
CONNECTING  RUi)  LENGTH  a 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  r 
INLET  PRESSURE  a* 
INLET  TEHPERATURE  a 
AIR/FUEL  RATIO  ■ 
FUEL  MOLECULAR  WT  a 
SF1  a 
SF2  a 


PATH  a 

p 

THETA 

c p s i 

) (DEC 

1*1.50 

30,00 

212.30 

25.00 

283.10 

20.00 

.171,50 

15,00 

*50.00 

10.00 

5bb. 20 

5.00 

10*3.80 

0.00 

lll*.bO 

5.00 

1078.20 

10.00 

1008.50 

15.00 

873.10 

20,00 

8bb. HO 

25.00 

785,20 

30.00 

750.80 

35.00 

bHO.OO 

*0.00 

05*.  bO 

*5.00 

bl8,20 

SO. 00 

5bb, 20 

55,00 

513,10 

50,00 

**2.30 

55.00 

*0b. 80 

70.00 

W * S.3528E«02 


3.800 

INCHES 

1,875 

INCHES 

b , 375 
lb , 700 

INCHES 

,b53 

13,830 

PSI 

550,000 

17,500 

DEG,  R 

13*. 000 
0,000 
1,000 
0,000 

LB/LB-MOLE 

OQ/DYMETA 


01580* 

-.ootass 

-.ocasife 

«,aoi«*03 

-.00*301 

-,050881 

•*053207 

• 03*1272 
•0*057* 
•05*0*5 

• 0837.15 
*078715 
•128852 
♦102*88 
.21238* 
•551507 

•2*585332 

-.2523*8 

.038838 

.1*5557 

-.057*82 
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CLR  DIESEL  HEAT  RELEASE  DATA 


NL  m TI Pr  7 MM  B+P,  2000  RPM,  BCM  FUEL 


30RE  DIAMETER  = 

3,800  INCHES 

CRANK  RADIUS  = 

1.875  INCHES 

CONNECTING 

ROO  LENGTH  a 

fa. 375  INCHES 

COMPRESSION  RATIO  = 

lb  . 700 

VOLUMETRIC 

EFFICIENCY  = 

, b5  3 

INLET  PRESSURE  = 

13.830  PS  I 

INLET 

TEMPERATURE  = 

5 bO . 000  DEG.  R 

air/fuel  ratio  = 

1 4 . bOO 

FUEL  MOLECULAR  WT  = 

181,200  LB/LB-MOLE 

SF1  = 

0.000 

SF2  = 

1.000 

PATM  = 

0,000 

P 

THETA 

DQ/DTHETA 

( P S I 

) (DEG) 

1 4 b , 4 0 

30.00 

-.011893 

209.10 

25.00 

-.008003 

292.70 

20.00 

-,00413b 

3 7 b , 4 0 

IS. 00 

-#0003b4 

4 bO  . (JO 

10.00 

-.044854 

920.00 

5.00 

-,0b?b77 

I1S0.10 

0.00 

-.020570 

1233.70 

s.ao 

,044b89 

1212.80 

10.00 

.050838 

1171.00 

15.00 

.091021 

1108.20 

20.00 

. 119b99 

1024.80 

25.00 

,15054b 

941.00 

30.00 

,242708 

899.10 

35.00 

.595518 

81b. 50 

40.00 

4. 019150 

731,90 

45.00 

-.825198 

710.90 

50.00 

-, 21bb30 

b 4 8 . 2 0 

S5.00 

-.051727 

585.50 

bO.OO 

-.039744 

543. bO 

bS.OO 

-.037430 

501.80 

70.00 

-.005873 

W = b.  3X35E  + 02 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  JLU  TIP,  7 MM  B+P,  2800  RPM,  DF-2  FUEL 


BORE  DIAMETER  = 
CRANK  RADIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 
INLET  TEMPERATURE  = 
AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF2  = 
PATM  = 


p 

THETA 

( p S I ) 

( 0 E G 

115.00 

30.00 

230,00 

25.00 

27b. 00 

20.00 

3b8 , 00 

15.00 

850,00 

10.00 

552.00 

5.00 

1035.00 

0,00 

118b. 00 

5.00 

1150.00 

10,00 

.'108,00 

15.00 

1012.00 

20.00 

883,00 

25.00 

878,00 

30.00 

828.00 

35.00 

732.00 

80.00 

73b. 00 

85.00 

b80.00 

50,00 

588.00 

55.00 

588,00 

50,00 

552.00 

55.00 

505.00 

70,00 

3.800 

INCHES 

1,875 

INCHES 

b , 375 

INCHES 

lb. 700 

. bSS 

13.780 

PSI 

5b0.000 

DEG.  R 

1 7 . bOO 

188.000 

LB/LB-MOLE 

0.000 

1,000 

0.000 

DQ/DTHETA 


-.035588 

-.008021 

••.000701* 

-.003025 

-,003088 

-.088880 

-.081735 

.0S018? 

.088720 

,070157 

,085808 

.121815 

.172388 

,300532 

,730878 

-1.215880 

-.278157 

-.131278 

-,0bblb5 

-.025520 

.005887 


W = b. 1872E+02 
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CLR  DIESEL  HEAT  RELEASE 

BORE  DIAMETER  a 
CRANK  RADIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 
INLET  TEMPERATURE  = 
AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF2  = 
PATM  = 


p 

THETA 

(PSI) 

(DEG 

153.40 

30,00 

204.50 

25,00 

255. bO 

20.00 

357.30 

15,00 

480.10 

10.00 

920,20 

5.00 

1150.20 

0.00 

1201,30 

5.00 

122b. 90 

10.00 

1L75.80 

15.00 

1073.50 

20.00 

1022.40 

25.00 

945.70 

30.00 

843.50 

35.00 

792.40 

40,00 

7 b fc  , 8 0 

45.00 

715.70 

50.00 

b b 4 . b 0 

55.00 

839.00 

bO.OO 

b 13 , 40 

bS.OO 

587.90 

70.00 

W = b.5b58E+02 


DATA  — NL  m TIP*  7 MM 

3.800  INCHES 

1.875  INCHES 

b , 3 75  INCHES 

lb. 700 
. b59 

13.790  PSI 

SbO.OOO  DEG,  R 

14,100 

181.200  LB/LB-MOLE 

0,000 
1,000 
0,000 

DQ/DTHETA 

-,008188 
-,000299 
-.009503 
“,008299 
-.098993 
-.087512 
-.025091 
.099931 
. Qb9300 
,078850 
,105b90 
,170983 
,19179b 
.258819 
1,279925 
-,528701 
— , l?b?bb 
-,132979 
-,105893 
-,0b8b92 
-,095092 


B+P,  2900  RPM,  BCM  FUEL 
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CLR  DIESEL  HEAT  RELEASE  DATA 


NL  1*1  TIP* 


10  MM  B+P r 1200  RPM,  DF-2  FUEL 


BORE  DIAMETER  = 
CRANK  RAOIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 

inlet  temperature  = 

AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF2  = 
PATM  = 


p 

THETA 

(RSI) 

(DEG) 

L 9 b . 0 0 

30,00 

2*7,10 

25.00 

308.70 

20.00 

391.90 

15.00 

*b0.10 

10.00 

911. bO 

5.00 

1073.50 

0.00 

lib?. 20 

5.00 

1133.20 

10.00 

1013,90 

15.00 

9 0 3.10 

20.00 

7*1.20 

25.00 

587.90 

30.00 

502.70 

35.00 

* 0 0 . * 0 

*0.00 

3*0.80 

*5.00 

281.20 

50.00 

2*7.10 

55.00 

20*. 50 

bO.OO 

19b.  00 

bS.OO 

153, *0 

70.00 

3,800 

INCHES 

1.875 

INCHES 

b.375 

INCHES 

lb, 700 

,700 

13.910 

PSI 

SbO.OOO 

DEG,  R 

18.000 

18*. 000 

LB/LB-MOLE 

0.000 

1,000 

0,000 

DQ/DTHETA 


-.001893 
.00199b 
.000512 
.002*32 
-.0*118? 
-.0SSO39 
-,008bb8 
,038*5? 
. 03*8b  ? 
,03b25* 
,03181b 
,00*983 
, 00  b b b * 
.008870 
-.00278? 
.002321 
.000*50 
-.000325 
,005701 
-.00022* 
-,0**b*0 


W = 3 . 052  7E  + 02 
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CLR  DIESEL  HEAT  RELEASE  DATA  •—  ML  1*1  TIP*  10  MM  BfP*  1200  RPM#  BCM  FUEL 


BORE  DIAMETER  a. 

3,800  INCHES 

CRANK 

RAOIUS  a 

1.875  INCHES 

CONNECTING  ROD 

LENGTH  a 

b, 375  INCHES 

COMPRESSION 

RATIO  a 

lb. 700 

VOLUMETRIC  EFFICIENCY  a 

.700 

INLET  PRESSURE  = 

13.910  PSI 

INLET  TEMPERATURE  a 

5b0,000  DEG,  R 

AIR/FUEL 

RATIO  a 

lb. 900 

FUEL  MOLECULAR  WT  a 

181,200  LB/LB-MOLE 

SF1  = 

0.000 

SF2  a 

1.000 

PATM  a 

0.000 

P 

THETA 

dq/otheta 

C P S I ) 

(DEG) 

199,70 

30,00 

.001022 

23*1,00 

25,00 

.002111 

300,90 

20.00 

-.000782 

389,90 

15,00 

,001508 

9b0,20 

10.00 

-.020300 

725,70 

5,00 

-,0375b9 

929,30 

0.00 

-.005190 

1089,00 

5.00 

.051100 

110S.30 

10.00 

,09801b 

102b, bO 

15.00 

,039909 

885,00 

20.00 

,029191 

752,30 

25.00 

.019071 

bl0.?0 

30.00 

.00982b 

513,30 

as. oo 

.007502 

91b, 00 

90.00 

,001030 

359,00 

95.00 

,007192 

300,90 

50.00 

,0018b8 

25b, 70 

55.00 

-.013892 

2D  3 , bO 

bO.OO 

-.009882 

185,90 

bS.OO 

.003757 

159,30 

70.00 

-.019159 

H = 3. llbbE+02 
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CLR  DIESEL  HEAT  RELEASE  DATA 


NL  1*1  TIP»  10  MM  B+Pr  lbOO  RPM,  DF-2  FUEL 


BORE  DIAMETER  = 
CRANK  RADIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  s 
INLET  TEMPERATURE  = 
AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  a 
SF2  = 
PATH  = 


p 

THETA 

( P S I ) 

C D E G ) 

177, bO 

30.00 

219, *0 

2S.00 

303.00 

20.00 

37b. 20 

IS. 00 

*59.80 

10.00 

8*b,*0 

5.00 

10b5.90 

0.00 

1201.80 

5.00 

1222.70 

10.00 

1139.00 

15.00 

1013.80 

20.00 

85b. 90 

25.00 

710, bO 

30.00 

595, bO 

35.00 

*80.70 

*0.00 

*07. bO 

*5,00 

33*. *0 

50.00 

292. bO 

55,00 

250.80 

« bO.OO 

219. *0 

b5 , 00 

198. bO 

70.00 

3,800 

INCHES 

1..87S 

INCHES 

b , 375 

INCHES 

lb, 700 

,b72 

13^870 

PSI 

SbO.OOO 

DEG,  R 

17.700 

18*,000 

LB/LB-MOLE 

0,000 

4 

1.000 

0,000 

DQ/DTHETA 


,0003*5 
-,003209 
-,0011.89 
, OOlOb? 

-.035950 

-.05*820 

-,0108b! 

,055853 
.0597*8 
,05b932 
, 0*bb9* 

,02bl0*  ^ 

,01757b  >1 

,00**90  V 

-.00*2*0 
-,002bb9 
-. 00*  7bl 
,003*93 
-,003820 
,003b82 
.005313 


W = 3 , bb*lE+02 


i 
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NL  181  TIP*  10  MM  BfP*  lbOO  RPH,  BCM  FUEL 


CLR  DIESEL  HEAT  RELEASE  OATA  — 


BORE  DIAMETER  s 

3.800 

INCHES 

CRANK  RADIUS  = 

1.875 

INCHES 

CONNECTING 

ROO  LENGTH  = 

b .375 

INCHES 

COMPRESSION  RATIO  = 

lb. 700 

VOLUMETRIC 

EFFICIENCY  = 

, b?2 

INLET  PRESSURE  = 

13.870 

PSI 

INLET 

TEMPERATURE  = 

SbO.OOO 

DEG.  R 

AIR/FUEL  RATIO  = 

17.200 

FUEL  MOLECULAR  HT  = 

181.200 

LB/LB-MOLE 

SF1  = 

n.ooo 

SF2  = 

1,000 

PATM  = 

0.000 

P 

THETA 

DQ/DTHETA 

C P S I 

) (DEG) 

180.00 

30.00 

m 

,0030b3 

230.00 

25.00 

,002881 

280.00 

20.00 

.00088? 

380.00 

IS. 00 

- 

.002888 

«fb0.00 

10.00 

- 

. 033b31 

810.00 

5.00 

• 

.088025 

1020,00 

0.00 

m 

.010137 

11S0.00 

5.00 

.058807 

1180.00 

10.00 

, 0b2b2b 

112G.00 

15.00 

.053538 

1020.00 

20.00 

.053388 

880,00 

25.00 

,088708 

780.00 

30.00 

•02871b 

b30 . 00 

35.00 

.011873 

S30.00 

80,00 

.011358 

850.00 

85.00 

,003b8b 

380.00 

50.00 

.00082b 

330.00 

55.00 

- 

,01371b 

270.00 

bO.OO 

- 

.005583 

250.00 

b5.00 

,002577 

210,00 

70.00 

m 

, 033*f  80 

W = 3.338REt0a 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  181  TIP»  10  MM  B+Pr  2000  RPM,  DF-2  FUEL 


BORE  DIAMETER 

-* 

3,800 

INCHES 

CRANK  RADIUS 

s 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

s 

b , 375 

INCHES 

COMPRESSION  RATIO 

s 

lb, 700 

VOLUMETRIC  EFFICIENCY 

s 

»b53 

INLET  PRESSURE 

2 

13.830 

PSI 

INLET  TEMPERATURE 

= 

5b0,000 

DEG,  R 

AIR/FUEL  RATIO 

2 

17,700 

FUEL  MOLECULAR  WT 

2 

188,000 

LB/LB-MOLE 

SF1 

s 

0,000 

SF2 

s 

1,000 

PATM 

= 

0,000 

P THETA  DQ/DTHETA 


(PSI) 

(DEG) 

175,80 

30.00 

.000588 

21b, 50 

25.00 

-.002831 

287.70 

20.00 

-.002381 

378.80 

IS. 00 

,000888 

8b0 , 00 

10.00 

-.05232b 

887,70 

5,00 

. -.07*082 

1180.70 

0.00 

-.003833 

13bb.50 

5.00 

.083852 

1838.20 

10.00 

.108351 

1383. bO 

IS. 00 

.115811 

1288.80 

20.00 

,11813b 

1122.80 

25.00 

,181285 

878.20 

30.00 

. 07b527 

811.80 

35.00 

,00332b 

b?b  . 50 

80,00 

-,032b50 

558,70 

85.00 

-,25813b 

317.80 

SO. 00 

-.058855 

378.80 

55.00 

,180575 

338.30 

bO.OO 

.010581 

237, bO 

bS.OO 

-.018118 

257.10 

70.00 

-.083337 

W = 8.8858E+02 
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CLR  DIESEL  HEAT  RELEASE 

BORE  DIAMETER  = 
CRANK  RADIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 
INLET  TEMPERATURE  = 
AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF2  = 
PATH  = 


P 

THETA 

( P S I ) 

C D E G 

172.50 

30,00 

207,00 

2S.00 

299.00 

20.00 

3b9 . 00 

15.00 

9 b 0 . 00 

10,00 

897,00 

5.00 

10b  9 . SO 

0.00 

llbl.SO 

5,00 

119b. 00 

10.00 

1127.00 

15.00 

104b. 50 

20.00 

931,50 

25.00 

908.50 

30.00 

793,50 

35.00 

58b, SO 

40.00 

483,00 

45.00 

414.00 

50.00 

35b , 50 

55.00 

299.00 

bO.OO 

2b4 , 50 

feS.OO 

218.50 

70.00 

W = 4.3203E+02 


DATA  — NL  l*i  TIPf  10 


3,800 

INCHES 

1 ,’8  75 

INCHES 

b,  375 

INCHES 

lb. 700 

,b53 

• 

13.830 

PSI 

5b0.000 

DEG,  R 

lb. 500 

181.200 

LB/LB-MOLE 

0.000 

1,000 

0,000 

DO/DTHETA 


,00309b 
-.00950? 
-,002bB9 
,000019 
-.093097 
-,05b?4b 
-,010708 
,050232 
, Obf 132 
.071S73 
.083729 
.119023 
,18899b 
-.032998 
-,092309 
-.010135 
.002395 
-,01b002 
-.01599 b 
-.022399 
-.057792 


B+Pr  2000  RP.M,  BCM  FUEL 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  141  TIP#  10  MM  B+P»  2400  RPM,  DF-2  FUEL 


BORE  DIAMETER 

• 

3,800 

INCHES 

CRANK  RADIUS 

2 

1,875 

INCHES 

CONNECTING  ROD  LENGTH 

- 

fa, 375 

INCHES 

COMPRESSION  RATIO 

— 

lfa,700 

VOLUMETRIC  EFFICIENCY 

2 

, b54 

INLET  PRESSURE 

r 

13,750 

PSI 

inlet  temperature 

2 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO 

s 

lb, 700 

FUEL  MOLECULAR  wt 

s 

184,000 

LB/LB-MOLE 

SF1 

2 

0,000 

SF2 

2 

1.000 

PATM 

2 

0,000 

P THETA  DG/DTHETA 

C P S I ) (DEG) 


138,00 

30.00 

•,005435 

184.00 

25.00 

-,005b8b 

2b0 . bO 

20,00 

-,004148 

337,30 

15,00 

-,00bb4b 

455,50 

10,00 

-.042115 

858,50 

5,00 

-,0b8033 

1 lb5 . 10 

0,00 

-, 023884 

1303,00 

5.00 

,070850 

13b4 . 40 

10.00 

.104720 

1 3b4 . 40 

15.00 

,13373? 

1257.10 

20.00 

•I30b20 

1115.10 

25,00 

.133012 

581.10 

30.00 

,103020 

827.80 

35,00 

-, 002bl2 

b?4 ,50 

40.00 

-.015342 

582.50 

45,00 

-,021030 

475.20 

50.00 

-.040804 

413.50 

SS.OO 

,013343 

3b7. 50 

bO.OO 

.003074 

321,50 

bS.OO 

-,002bS4 

251.30 

70.00 

.002848 

W = 5 , lbl7E+02 
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CLR  DIESEL  HEAT  RELEASE  DATA  — NL  1*1  TIP,  10  MM  B*P,  2*00  RPM,  BCM  FUEL 


HOKE  DIAMETER 

s 

3.800 

INCHES 

CRANK  RADIUS 

s 

l;875 

INCHES 

connecting  rod  LENGTH 

s 

b,375 

INCHES 

COMPRESSION  RATIO 

s 

lb. 700 

VOLUMETRIC  EFFICIENCY 

a 

.bS* 

inlet  PRESSURE 

s 

13.7*0 

PSI 

INLET  TEMPERATURE 

s 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO 

a 

15 , bOO 

FUEL  MOLECULAR  WT 

s 

181,200 

LB/LB-MOLE 

SF1 

a 

0.000 

SF2 

1.000 

PATM 

= 

0.000 

P 

THETA 

DQ/OTHETA 

(PSI) 

(DEG) 

203.10 

30.00 

-,015b** 

2*2.70 

25.00 

-.00*178 

3*7.30 

20.00 

.010572 

*18.20 

15.00 

.015338 

*b0.00 

10.00 

-.08111* 

1275.50 

5.00 

-.1*3852 

15b8 . 20 

0.00 

-.015772 

1777. *0 

5,00 

,1*55*3 

18*0.10 

10.00 

.23533* 

1813.20 

15.00 

.S3*0b8 

1735.50 

20.00 

-3, *517*8 

lblO.lG 

25.00 

-.301028 

1*21,30 

30.00 

-.132751 

1275.50 

35.00 

-.078*83 

1123.10 

*0.00 

-.  0202b8 

*32.80 

*5.00 

.013157 

857.30 

50.00 

.0*221* 

731.80 

55.00 

,0287b2 

bb*.10 

bO.OO 

-.033857 

527,30 

bS.OO 

-.008101 

5b*. bO 

70.00 

• 0*03b2 

W = 8.*280E+02 
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CLR  DIESEL  HEAT  RELEASE  DATA  — ADB  b9bl  TIP,  7 MM  B+P,  1800  RPM,  OF-2  FUE 


BORE 

DIAMETER  = 

3.800  INCHES 

CRANK 

RADIUS  = 

l;875  INCHES 

CONNECTING  ROD 

LENGTH  = 

b. 375  INCHES 

COMPRESSION 

RATIO  = 

lb. 700 

VOLUMETRIC  EFFICIENCY  = 

,700 

INLET 

PR 

ESSURE  = 

13.910  PSI 

inlet  temperature  = 

5 bO . 00 0 DEG.  R 

AIR/FUEL 

RATIO  = 

17,b00 

FUEL  MOLECULAR  WT  = 

18N.000  LB/LB-MOLE 

SF1  = 

0.000 

SF2  = 

1,000 

PATM  = 

0.000 

P 

THETA 

DO/DTHETA 

( P S I ) 

(DEG) 

197.20 

30.00 

.000115 

2NN.10 

25,00 

.003113 

300,50 

20.00 

.00213b 

37S  , bO 

15.00 

,000701 

N60.10 

10,00 

-.00872N 

blO.NO 

5.00 

-,0257b? 

81b, NO 

0.00 

-.00b291 

967.20 

5.00 

.0N778N 

101N , 10 

10,00 

• . 053bf 9 

98b. 00 

15,00 

,0SN8b0 

892,10 

20.00 

, 0N9523 

788.80 

25,00 

.ONONNO 

bbb. 70 

30.00 

.02NN33 

563. NO 

35,00 

.015N83 

Nb9,50 

NO. 00 

,005583 

39N, NO 

N5.00 

0068N2 

319.30 

50.00 

-,01177b 

272.30 

55.00 

.OObOb? 

2NN.1Q 

bO  , 00 

.00215b 

20b, bO 

65.00 

-,020977 

169.00 

70,00 

-.03N391 

W e 3 . 3H  N 7E+Q2 
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CLR  DIESEL  HEAT  RELEASE  OATA  — ADB  b9bl  TlPr  7 MM  B+Pr  1200  RPM,  BCM  FUEL 


BORE 

DIAMETER  = 

3,800 

INCHES 

CRANK  RADIUS  = 

1.875 

INCHES 

CONNECTING 

ROD  LENGTH  = 

b.375 

INCHES 

compression  RATIO  = 

lb. 700 

VOLUMETRIC 

EFFICIENCY  = 

,700 

inlet 

PRESSURE  = 

13,910 

PSI 

inlet 

TEMPERATURE  = 

SbO.OOO 

DEG.  R 

AIR/FUEL  RATIO  = 

IS. 100 

FUEL  MOLECULAR  WT  = 

181,200 

LB/LB-MOLE 

SF1  = 

0.000 

SF2  = 

1.000 

PATH  = 

0,000 

P 

THETA 

DQ/DTHETA 

( P S I 

(DEG) 

204  .‘tO 

30.00 

.008194 

235,10 

25.00 

,002505 

30b. bO 

20.00 

m 

.000834 

388.40 

15.00 

,002230 

4b0 , 00 

1G.00 

- 

,009935 

b 3 3 , bO 

5.00 

m 

,025734 

817. bO 

0.00 

- 

.005738 

950.50 

5.00 

.OSObbS 

1042.40 

10.00 

. 0b5288 

1027.00 

15.00 

• 0bbl85 

950.50 

20.00 

. 0bll8b 

838.00 

25.00 

,050140 

725. bO 

30.00 

.050530 

b43.90 

35.00 

.035888 

531.40 

40.00 

.002534 

149,80 

45.00 

.009703 

388.40 

50.00 

- 

.008077 

3 1 b . 80 

55.00 

mm 

,01b942 

27b, 00 

bO.OO 

- 

.005424 

235.10 

bS.OO 

m 

,013339 

204.40 

70.00 

m 

,015145 

W = 3.7701E+02 
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CLR  DIESEL  HEAT  RELEASE  DATA  — AD8  b9bl  TlPr  7 MM  BlP*  1500  RPM#  DF-2  FUEL 


BORE  DIAMETER 

s 

3,800 

INCHES 

CRANK  RADIUS 

s 

1*875 

INCHES 

CONNECTING  ROD  LENGTH 

s 

b,375 

INCHES 

COMPRESSION  RATIO 

= 

lb , 700 

VOLUMETRIC  EFFICIENCY 

,b72 

INLET  PRESSURE 

= 

13.870 

PSI 

INLET  TEMPERATURE 

s 

SbO.OOO 

DEG,  R 

AIR/FUEL  RATIO 

= 

17.200 

fuel  molecular  wt 

- 

181,000 

LB/LB-MOLE 

SF1 

— 

0.000 

SF2 

s 

1.000 

PATH 

r 

0,000 

p THETA  DQ/DTHETA 


(PSI) 

(DEG) 

200.10 

30.00 

. 005b31 

235.80 

2S  ,00 

.001015 

291.80 

20.00 

.00195b 

3bS,bO 

15.00 

-.000532 

IbO.OO 

10.00 

-.01ib?8 

b21 , 90 

S.00 

-.025955 

825.30 

0,00 

-.002589 

1002.20 

5.00 

,055721 

lObl.10 

10.00 

. 0b5b?0 

lObl.10 

15.00 

.077550 

990.80 

20.00 

.081388 

907.80 

25.00 

,07855b 

789,90 

30.00 

,055859 

b83 . 80 

35.00 

.015853 

S89.50 

10.00 

. 031bl5 

507.00 

15,00 

.001835 

121.10 

50.00 

. 002b08 

377,30 

55.00 

.001915 

318.30 

bO.OO 

-.013bb5 

283.00 

bS.OO 

-,0030b9 

217. bO 

70.00 

-,02l2bl 

W = 1.2309E+02 
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CLR  DIESEL  HEAT  RELEASE  DATA  --  ADB  bSbl  TIP#  7 MM  B+Pr  lbDO  RPM,  BCM  FUEL 


BORE 

DIAMETER  = 

3.800 

INCHES 

CRANK  RAOIUS  = 

1.8  75 

INCHES 

CONNECTING 

ROD  LENGTH  = 

b .375 

INCHES 

COMPRESSION  RATIO  = 

lb. 700 

VOLUMETRIC 

EFFICIENCY  = 

, b72 

INLET 

PRESSURE  = 

13.870 

PSI 

inlet 

temperature  = 

5b0.000 

DEG.  R 

air/fuel  ratio  = 

14,200 

FUEL  MOLECULAR  WT  = 

181.200 

LB/LB-MOLE 

SF1  = 

0.000 

SF2  = 

1.000 

PATH  = 

0.000 

P- 

THETA 

DO/DTHETA 

( P S I 

) 

(DEG) 

184 ,00 

30.00 

.002074 

223,40 

25.00 

.003334 

27b. 00 

20.00 

mm 

.003740 

381.10 

15,00 

m 

,00229b 

4b0.00 

10.00 

m 

.012128 

894,00 

5.00 

■- 

,028b52 

841,00 

0.00 

- 

, 00  bO  7 8 

98S.S0 

5.00 

.048221 

1024.90 

10.00 

, 05958b 

1024.90 

15.00 

,08230b 

998. bO 

20.00 

. 102b30 

933,00 

25.00 

, lObSOl 

841.00 

30.00 

.100484 

749.00 

35.00 

. 0 78b40 

b43, 90 

40.00 

, 078809 

591.30 

45.00 

,055937 

48b. 20 

50.00 

- 

.018779 

433, bO 

55.00 

•002182 

3b8 . 00 

bO  .00 

m 

.021b92 

328. bO 

b5 . 00 

.024427 

302.30 

70.00 

.030580 

W s 4.b714E+02 
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CLR  DIESEL  HEAT  RELEASE 

BORE  DIAMETER  = 
CRANK  RAOIUS  = 
CONNECTING  ROD  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 

inlet  temperature  = 

AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF3  = 
PATH  = 


p 

THETA 

( p S I ) 

(DEG 

147,90 

30.00 

197,30 

35.00 

2b2,9G 

30,00 

345.00 

15,00 

4b0.00 

10,00 

590.10 

5.00 

1003.30 

0.00 

1133.70 

5,00 

1150.10 

10.00 

1100.80 

15.00 

1058,00 

30.00 

1035.10 

35.00 

9b9 . 40 

30.00 

887,30 

35.00 

831.50 

40.00 

733,90 

45.00 

b?3,50 

50.00 

b07. 90 

55.00 

543,30 

bO.OO 

47b. 50 

bS.OO 

443, bO 

70.00 

OATA  — ADB  b9bl  TIP, 

3.800 

INCHES 

1-.875 

INCHES 

5.375 

INCHES 

lb. 700 

. b53 

13.830 

PSI 

5b0.000 

DEG,  R 

14.800 

184,000 

LB/LB-MOLE 

0.000 

1.000 

0.000 

DG/OTHETA 


-,005934 

-.003334 

-.003151 

-.005990 

-.031793 

-.047143 

-.033157 

.053034 

•0500S3 

.083991 

.135558 

,197913 

,3bl3S0 

.443159 

-303,549418 

-.731935 

-.317097 

-.045813 

.033538 

,003508 

-.055b33 


B+Pf  2000  RPM,  OF-2  FUEL 


W s b . 0433E+03 
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CLR  DIESEL  HEAT  RELEASE  DATA  — ADB  b9fel  TIP,  7 MM  B*P,  2000  RPM,  BC'*  FUEL 


BORE  DIAMETER 

X 

3,800 

INCHES 

CRANK  RADIUS 

X 

UH75 

INCHES 

connecting  roo  length 

X 

b,  375 

INCHES 

COMPRESSION  RATIO 

X 

lb, 700 

volumetric  EFFICIENCY 

X 

, b53 

INLET  PRESSURE 

X 

13,830 

P3I 

inlet  temperature 

X 

5bC, 000 

OKC.  R 

AIR/PUEL  RATIO 

X 

12,300 

fuel  molecular  WT 

X 

181,200 

LB/LB-I 

SFi 

X 

0.000 

SF2 

a 

1,000 

PATM 

X 

0,000 

P 

THETA 

DQ/DTHETA 

( P S I ) 

(DEG) 

ib2.90 

30.00 

-,00bb72 

21b. 50 

25.00 

<*,000321 

270, bO 

20.00 

000b9b 

351.80 

15.00 

«.009b99 

9b0,Q0 

10.00 

-,032087 

789.70 

5.00 

-,09b097 

087,70 

0.00 

-,010391 

1109,50 

5.00 

,053112 

1150,00 

10.00 

.Obbbll 

1109,50 

15.00 

,0?b715 

1028.30 

20.00 

,082993 

920.00 

25,00 

, 0799b9 

798,30 

30.00 

,0S0b73 

b?b,50 

35.00 

,0^9098 

595.30 

90.00 

,050211 

519,10 

95.00 

,025192 

99b.  SO 

SO. 00 

,000b?b 

378.80 

55.00 

-f 00235b 

338.20 

50.00 

-,012809 

289.10 

bS.OO 

021^23 

257.10 

70.00 

,0099b? 

W s 9 « 3553E+02 


CLR  DIESEL  HEAT  RELEASE  DATA 


ADB  b9bl  TIP,  ? HH  B+P t 2400  RPM,  BCM  FUEL 


BORE  DIAMETER  = 
CRANK  RADIUS  = 
CONNECTING  ROO  LENGTH  = 
COMPRESSION  RATIO  = 
VOLUMETRIC  EFFICIENCY  = 
INLET  PRESSURE  = 
INLET  TEMPERATURE  = 
AIR/FUEL  RATIO  = 
FUEL  MOLECULAR  WT  = 
SF1  = 
SF2  = 
PATM  = 


p 

THETA 

( P S I ) 

(DEG] 

131.40 

30.00 

219.00 

25.00 

2b2 . 80 

20.00 

350.40 

15.00 

4b0.00 

10.00 

810,30 

5.00 

1007.40 

0.00 

111b, 90 

5.00 

1138.80 

10,00 

111b. 90 

15.00 

111b. 90 

20.00 

1051,20 

25.00 

985,50 

30.00 

919.80 

35.00 

854.10 

40.00 

810.30 

45,00 

?bb,50 

50.00 

700,80 

55.00 

b 35 , 10 

bO.OO 

5b9 .40 

b5. 00 

481.80 

70.00 

W = b.5939E*02 


3.800 

INCHES 

1-.875 

INCHES 

b . 3 75 

INCHES 

lb. 700 

,bS9 

13,790 

P3I 

SbO.OOO 

DEG.  R 

13,000 

181.200 

L8/LB-M0LE 

0.000 

1.000 

0,000 

DQ/DTHETA 


-,0238b9 
-,004421 
-, 000b38 
-.005727 
-,03Si4o 
-.048415 
-.01127? 
,04Bbb4 
,0b4940 
.101492 
,153bb5 
.189940 
,312457 
,833055 
-1.08b248 
-,290b57 
HSbR? 
-,035b8J 
,001283 
,0b8148 
,190884 


CLR  DIESEL  HEAT  RELEASE 

OORE  DIAMETER  a 
CRANK  RADIUS  a 
CONNECTING  ROD  LENGTH  » 
COMPRESSION  RATIO  a 
VOLUMETRIC  EFFICIENCY  * 
INLET  PRESSURE  * 
INLET  TEMPERATURE  » 
AIR/FUEL  RATIO  a 
FUEL  MOLECULAR  NT  » 
SF1  = 
SF2  a 
PATM  a 


p 

THETA 

( P S I ) 

(DEG 

57.50 

30.00 

103,50 

25,00 

15b.  SO 

20.00 

18*. 00 

15,00 

2*1.50 

10.00 

*831.00 

5.00 

575.00 

0.00 

b32.S0 

5.00 

521.00 

10.00 

509,50 

15.00 

$ 8b. SO 

50.00 

5*2,00 

25.00 

***.S0 

30,00 

t 71.50 

35.00 

*25.50 

*0.00 

379.50 

*5.00 

3*5.00 

50.00 

310.50 

55.00 

275.00 

bO.OO 

2*1.50 

bS.OO 

195.50 

70,00 

N * 3.11*8E*Q2 


A?A  — ADB 

b9bl  TIP#  7 

3.800 

INCHES 

1.875 

INCHES 

5,375 

INCHES 

ib.?00 

. bS9 

13,790 

PSI 

SbO.OOO 

DEG,  R 

11,300 

181,200 

LB/LB-HOLE 

0,000 

1.000 

0.000 

DQ/OTHETA 


-.oiibsi 

-,002b7* 
-,002335 
-.003802 
-,0223*3 
-.02*902 
-.00355* 
.018*18 
,023b32 
,03*9b9 
.0*2382 
,0*2l7b 
.0*5839 
•OSSbBS 
.0395*3 
,03b**9 
.035551 
,022*bD 
,3Qbl35 
-.025882 
— , OSH**'* 


NM  B*P#  2*00  RPHf  BCM  FUEL 


t 


80 


DISTRIBUTION  LIST 


*5 


Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia  22314 

Defense  Fuel  Supply  Center 
Attn:  DFSCTC 
Office  of  Technical  Services 
Cameron  Station 
Alexandria,  Virginia  22314 


Commander 

U.S.  Army  Materiel  Command 
5001  Eisenhower  Road 
Attn:  AMCRD-TC 
AMCSU-DG 
AMCRD-ES 

Alexandria,  Virginia  2230-3 
t.  otnmander 

U.S.  Army  Weapons  Command 
Attn:  AMSWF.-RE 
AMSWE-SM 
A MSWE-PP 

Rock  Island,  Illinois  61201 
Commander 

U.S.  Army  Missile  Command 
Attn:  AMSM1-RSM 
AMSMI-RKS 

Redstone  Arsenal,  Alabama  35809 

Commander 
Anniston  Army  Depot 
A<tn:  Chemical  laboratory 
Anniston,  Alabama  36202 

Commander 

U.S.  Army  General  Materials  A Farts  Center 
Attn:  AMXGP-SE 

New  Cumberland  Army  Depot,  Lldg  85-3 
New  Cumberland,  Pennsylvania  17070 

Commander 

U.S.  Army  General  Materials  A Parts  Center 
Attn:  AMXGP-SW 
Sharpe  Army  Depot 
Uthrop,  California  9533u 

Commander 

U.S.  Army  Tank-Automotive  Command 
Attn:  AMSTA-RKMT 
AMSTA-RGP 
AMSTARGL 
AMSTA-RGR 
AMSTA-MVC 
Warren,  Michigan  48090 


No.  of 
Copies 

Department  of  Defense 

Director  of  Defense  Research  & Engineering  <OSD) 
12  Attn:  Dep  Dir/Research  A Technology 
Washington,  D.C.  20301 

Office  of  the  Assistant  Secretary  of  Defense 
3 Attn:  Technical  Advisory  Panel  on 
Fuels  A Lubricants 
Washington,  D.C.  20301 


Deparfinett  of  the  Army  Technical  Services 
Commander 

Army  Logistics  Management  Center 
Ft.  Lie,  Virginia  23801 


No.  of 
Copies 


Commander 

U.S.  Army  Munitions  Command 
Picatimiy  Arsenal 
/a»n:  SMUPA-D 
Dover,  New  Jersey  07801 

Commander 
Watervliet  Arsenal 
Attn;  SMESV-RDR 
Watervliet,  New  York  12180 

Commander 
Frankford  Arsenal 
Attn:  SMUFA-L6000 
SMUFA-L1000 
Library,  C2500 

Philadelphia,  Pennsylvania  19317 
CommsnJer 

White  Sands  Missile  Range 
Attn:  OKDBS-OM-Eiectro-Mechanical  Labs 
ORDBS-OM  Systems  Test  Division 
ORDBS-OM 

White  Sands,  New  Mexico  88002 
Commander 

U.S.  Army  Mobility  Equipment  Research  A 
Development  Center 
Attn:  STSFB-RT 
STSFB-ET 
STSFB-MN 
STSFB-W 
STSFB-GL 
STSFB-HM 
STSFB-HK 

Fort  Belvoir,  Virginia  22060 
Commander 

U.S.  Army  Aeronautical  Depot  Maintenance  Center 

Naval  Air  Station 

Attn:  AM  SACO 

Corpus  Christ!,  Texas  784 19 


81 


No.  of 
Copies 

Department  of  the  Army  Technical  Services  (Cont 'd) 


No.  of 
Copies 


Coin  mender 

U.S.  Army  Foreign  Science  & Technology  Center 
Federal  Bldg 

Attn:  AMXST-GE  1 

Charlottesville,  Virginia  22901 

U,S.  Army  Ordnance  Center 
and  School 

Attn:  ATSL-CTD-MS-A  1 

Aberdeen  Proving  Ground,  Maryland  21005 

Commander 

U.S.  Army  Materials  A Mechanics  Research 
Center 

Attn:  AMXMR-TMS  1 

Watertown,  Massachusetts  02172 

Commander 

U.S.  Army  Mobility  Equipment  Command 
4300  Goodfellow  Blvd 

Attn:  Technical  Library  1 

St.  Louis,  Missouri  63120 

Director 

Materiel  Test  Directorate 

Building  400  1 

Aberdeen  Proving  Ground,  Maryland  2 1005 

Technical  Library 

Aberdeen  Proving  Ground,  Maryland  21005  l 

thief  of  Research  A Development 
Department  of  the  Army 

Attn.  CRDAM  1 

Washington,  O.C,  20/10 

Commander 

U.S.  Army  Research  Office  (Durham) 

Box  CM,  Duke  Station  1 

Durham,  North  Carolina  27706 

Commander 

U.S.  Army  Aviation  School 

Attn:  Office  of  the  Librarian  1 

Fort  Rucker,  Alabama  36362 


Commander 

U.S.  Army  Chemical  Research  it  Development 
Laboratories 

Attn:  Directorate  of  Weapons  Systems  (SMUCR-WS)  I 

Edge  wood  Arsenal, 

Aberdeen  Proving  Ground,  Maryland  21010 
Commander 

U.S.  Army  Arctic  Test  Activity 

APO  731  1 

Seattle,  Washington  98731 

Commander 

U.S,  Army  Alaska  Support  Command 

Attn.  ARCL-Q  l 

APO  Seattle,  Washington  98749 

Commander 

U.S.  Army  CDC  Supply  Agency 
Material  Requirements  Division 

Attn:  CDCSA-R  1 

Fort  Lee,  Virginia  23801 

President 

U.S.  Army  Armor  & Engineer  Board 

Attn:  STEBB-EN  1 

Fort  Knox,  Kentucky  40121 

Commander 
Yuma  Proving  Ground 

Attn:  STEYT-MTS  1 

Yuma,  Arizona  85369 

Corp  of  Engineers 
Washington  Aqueduct  Division 

5900  MacArthur  Blvd  1 

Washington.  D.C.  2031$ 

Commander 

U.S.  Army  Maintenance  Management  Center 

Attn:  AMXMD-T  I 

Lexington,  Kentucky  40507 


Department  of  the  New 


Commander 

U.S.  Naval  Air  Systems  Command 
Attn:  AIR  534$ IB  s 

AIR  5365  1 

Wash O.gton,  D.C.  2036(1 

Commander 

Naval  Air  Development  Center 

Code  MACO  1 

Warminster.  Pennsylvania  18974 


Commander 

Naval  Ordnance  Systems  Commend 

Attr.:  Technical  Library  (ORD-9132)  2 

Washington,  D.C.  20360 

Director 

U.S.  Naval  Research  Laboratory 

Attn:  Code  6200  1 

Code  6180  1 

Washington,  D.C.  20390 


82 


Superintendent 

U.S.  Naval  Pott  Graduate  School 
Attn:  Technical  Reports  Section 
Monterey,  California  93940 

Commander 
U.S.  Naval  Air  Station 
Overhaul  A Repair  Department 
North  Island 

San  Diego,  California  921 35 
Commander 

U.S.  Naval  Civil  Engineering 
Laboratory 

Port  Hueneme,  California  93041 

Commandant 
U.S.  Marine  Corps 
Attn:  Code  AX 
Code  A04H 

Washington,  D.C.  20380 


No.  of 
Copies 


Department  of  the  Navy  (Cant’d) 

Naval  Ship  Engineering  Centei 
Department  of  the  Navy 
1 Attn:  SEC  61 01 E 

Washington.  D.C.  20360 

Commander 

Naval  Ship  Engineering  Center 
Code  6101 F,  Center  Htdg 
j Prince  George’s  Center 

Hyattsville,  Maryland  20782 

Commander 
Naval  Ship  RAD  Center 
Annapolis  Laboratory 
* Attn:  Technical  Library 

Annapolis,  Maryland  21402 

Commander 

Naval  Facilities  Engineering  Command 
1 Transportation  Maintenance  Management  Branch 

1 Attn:  Code  ,0332 

Washingt  on,  D.C.  20390 

Department  of  the  Air  Force 


Commander  Headquarters 

Air  Force  Materials  Laboratory  (AFSO  U.S.  Air  Force  (AFCSA1) 

Attn:  AEML/MX  1 Washington,  D.C.  20330 

Wright-Patterson  Air  Force  Base,  Ohio  45433 


Coir.mthder 
Hcadq  uarters 

San  Antonio  Air  Material  Area 

Attn:  SAAMA(SAOQ)  1 

Kelly  Air  Force  Base,  Texas  78241 


Other  Government  Agencies 


Scientific  A Technical  Information  Facility 
P.O  Box  33 

Attn:  NASA  Representative  (SAK/DL) 

College  Park,  Maryland  20740 

Fedeml  Aviation  Administration 
800  Independence  Avenue  S.W. 

Attn:  Administrative  Standards  Division  (MS-1  10) 
Washington,  D.C.  20590 


Project  Coordinator 

Bartlesville  Petroleum  Research  Center 

1 U.S.  Department  of  the  Interior 
Bureau  of  Mines 

P.O.  Box  1398 

Bartlesville,  Oklahoma  74003 

2 Director 

U.S.  Postal  Service 

National  Maintenance  Technical 

Support  Center 

Norman,  Oklahoma  73069 


No.  of 
Copies 


1 


1 


1 


1 


I 


2 


2 


83 


